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PREFACE. 



The following extracts from official documents will show 
how these notes originated, and why they are now printed. 

No. 11,445. 

Dated India Ojffice, Srd November, 1875. 

To G. T. WALCH, Esq. 

I am directed by the Secretary of State for India to ac- 
knowledge the receipt of your letter of the 15th ultimo, 
and in reply to state that you have his Lordship's authority 
to visit at the public expense the works in the United States 
and Canada, specified in your letter to the Officiating Secre- 
tary to the Government of Madras of the 8th July last. 

2. The terms and conditions upon which this privilege is 
granted are the same as those accorded to officers visiting 
Engineering works in the United Kingdom, copies of which 
are enclosed herewith. 

3. In regard to the disbursements authorized by this 
letter, complete and detailed vouchers must be furnished for 
all items excepting those for which vouchers cannot be pra- 
cured, and in regard to these latter, statements in detail 
must be submitted. 

(Signed) G.HAMILTON. 



Madras, ith Jum, 1877. 
To 

Lt.-CoL J. MULLINS, R. E., 

Chief Engineer for Irrigation^ and 

Joint Secy* to Govt., P. W. D., Irrigation Branch, 

Sib, 

(1). I have the honor to forward' herewith my notes of a 
visit to American and Canadian Canal and Biver Navigation 
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Works, undertaken in accordance with the authority granted 

in the accompanying letter* from 

vemS>r 1875 ^' ^^^ ^""^ ^''" *^® Secretary of State for India. 

According to the rules printed 
with G. O., No. 2,267, 15th September, 1873, an oflScer 
having visited Engineering works at the public expense 
must send his " Report or Paper of Notes" to the Secretary 
of State for India for " transmission to the Local Govern- 
ment under which he is serving." It seems to me therefore 
that being in Madras my proper course is to forward my 
notes to the Local Government through you. 

(2). * ♦ ♦ « « 

* Most of the plans which accompany the notes were given 
to me by the Engineers connected with the various works I 
visited, gentlemen whom I found uniformly courteous and 
in most cases even more obliging and attentive than mere 
official or professional courtesy demanded. 

(3). I trust that the information contained in the " Notes** 
will prove of some interest and value. 

I have the honor, 

&c., &c., 
(Signed) GEOEGE T. WALCH, M, Inst, C. R, 

Acting Deputy Chief Engineer for Irrigation. 



No. 3 E. W. 

No. 291 -A. Note by the Chief Engineer for Irrigation^ 

In transferring to the Chief Engineer, Public Works De- 
partment, Mr. Walch's letter of the 4th instant and its 
accompaniments, the undersigned desires to say that he has 
read Mr. Walch's Notes on works inspected by him in the 
United States and Canada with the greatest interest, and he 
feels sure that they will prove of great interest and value to 
all officers of the department employed on hydraulic works. 

2. In reading of the great water highways of the West- 
em Continent, and more especially of the works by which 
the American rivers have been made navigable whether by 
canalization or by the construction of canals round barriers, 
it is impossible not to regret greatly that the opening of the 
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Godavery and its tributaries to navigation by means of 
similar works has been abandoned, and to hope that some 
day the advantages which the great extent of country, 
which this river would serve, would reap from its improve- 
ment will be deemed to warrant the no doubt considerable 
outlay which would be required, an outlay however not, it 
is believed, out of proportion to the mileage of cheap com- 
munication which would be opened or to the extent of 
country which would be benefited, 

3. The undersigned hopes Mr. Walch's application to 
be allowed in addition to the bill he has submitted for ex- 
penses and cost of drawings, the amount which he would 
have been entitled to claim had he returned from Keokuk 
on the Mississippi to England, instead of going thence to 
San Francisco and Australia, will be considered fair and 
reasonable. With this addition the cost of the tour will be 
under a hundred guineas, and the information obtained will 
certainly be of far greater value to the department to which 
Mr. Walch belongs. 

4. Mr. Walch has, it is considered, fully justified the 

special recommendation* made by 
• G. o., No. 2,284, dated Government on which the Secre- 

7th ADgfust, 1875. 

tary of State was pleased to autho- 
rize the tour to be undertaken. 

(Signed; JOHN MULLINS, Colonel, R. K, 

Chief Engineer for Irrigation. 

Fort St. George, 22nd June, 1877. 



No. 292. Order thereon, 31^^ August, 1877, 665 W. 

The Government have read Mr. Walch's Notes with much 
interest, and consider that it will be useful to place them in 
the hands of those officers of the department who have been 
or are likely to be, engaged on hydraulic works. Copies of 
the notes will be printed at the Lawrence Asylum Press, and 
the plans will be lithographed in the Lithographic Depart- 
ment. 
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2. The Governor in Council resolves to authorize, as a 
special case, and subject to the confirmation of the Secretary 
of State, the disbursement to Mr. Walch of the amount of 
his several claims, namely, his travelling expenses while en- 
gaged on his tour of inspection, the cost of the drawings, and 
the passage fare which would have been incurred by Mr. 
Walch had he returned from Keokuk to England in the 
usual course. 

3. The Secretary of State and the Government of India 
will bo addressed. ' 

(Here enter No. 665-A W, dated 31st August, 1877.) 

(True Extmct.) 
(Signed) E. A. FOORD, Colonel, B. E., 

Secretary to Government^ P. W. D. 



THE MORRIS CANAL. 

(Visited 29th April to 7th May, 7876-) 



>>©*>«■ 



This canal was not included in the list* of works that I introductory, 
proposed to visit in America, but it was commended to my 
notice after my arrival in New York on account of the 
peculiar and successful way in which the steepness of the 
country over which it runs has been dealt with, a difference 
of level of 1,674 feet being overcome in its course of 102 
miles, chiefly by "inclined planes" worked by hydraulic 
power. It is also of interest from its having been one of the 
earliest canals of any size in the United States, and its vicis- 
situdes of fortune appearing to me to point some useful 
lessons in canal construction and management, I have taken 
some trouble in ascertaining and condensing the main facts 
of its history from various scattered documents, and have 
devoted more attention to it generally, than its present im- 
portance might seem to warrant. 

The date of the charter of the " Morris Canal Company" General History 

n of the GaiuU. 

is December, 1824. Work was commenced in July, 1825, 
and the canal, as then designed, was finished in 1831 from 
the Delaware river to the Passaic river at Newark. In 1836, 
the canal was continued to the Hudson river at Jersey City, 
which is really a suburb of New York. The canal, as then 
constructed, had a bottom breadth of only 20 feet, and a 
depth of 4 feet ; its locks were 75 feet x 9 feet, and the 
largest boats which could navigate it did not exceed 18 tons. 
It was soon found that, with such small dimensions, it could 
not pay, and in 1841 the locks and planes were enlarged, 
(locks to 9o X 11) the prism of the canal being, in 1845, 
increased to 25 feet bottom width and 5 feet depth, which 
enabled boats carrying 44 tons of cargo to be used. The 
traffic and income immediately sprang up from, in 1845, 

♦ ' AccoxnpaDyisg nay letter 8-7-75, to Secy, to Govt, of Madras, P. "W. D, 
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58,259 tons and 18,997 dollars to, in 1846, 109,595 tons 
and 51,212 dollars, and gradually increased till they were, 
in 1860, 707,631 tons and 350,710 dollars. In that and the 
following year the locks were lengthened to 100 feet clear 
in the chamber and improved boats were constructed, carry- 
ing from 70 to 80 tons of coal, and the traffic and income 
further increased till they reached their culmination in 1866, 
when they were respectively 889,220 tons and 616,350 dol- 
lars. After this date the severe competition of railways, 
which had been constructed near the line of canal and which 
tapped the Pennsylvanian coal fields, reduced the tmffic 
and income of the canal to 707,572 tons and 391,549 dollars 
in 1870. In that year the canal was leased to the Lehigh 
Valley Railroad Company, with whose line it was compet- 
ing, and in their hands it now is. In order to comply with 
the requirements of the charter, the accounts of the canal 
are kept separate from those of the railway, and an organiz- 
ation for its working is kept up, but it is evidently treated 
with no great favour and, excepting the " planes" and their 
machinery, the works bear an appearance of disrepair. The 
interests of the lessees (or really lessee as the railway is 
virtually controlled by one large capitalist) are in the rail- 
way, and the canal is probably to them only a trouble- 
some charge which they undertook in order to get entire 
command of the traffic of the country through which their 
lines pass, and to secure the valuable river frontage belong- 
ing to the canal at Jersey City. 
KwLnciai His- The financial history of the Company is not a happy one. 
The original capital was 4,1 00,000 dollars in 41,000 shares of 
100 dollars each, and nearly all this sum was expended 
in the original construction and expenses of the canal. 
When it became evident that the canal was too small, 
money could not be raised for enlarging it except by 
mortgaging the works, and this was done to some capitalists 
in Holland. The payment of interest on the debt having 
fallen into arrears, the mortgage was foreclosed and the pro- 
perty was, in 1844, sold by order of the law courts. The 
purchasers were a company of the original shareholders 
who raised the funds necessary for the purchase and im- 
provement of the canal by an issue of 11,750 "preferred 
shares" of 100 dollars each, and at the same time the 
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original 41,000 shares were "consolidated" into 10,250 
shares of the same nominal value as before, the arrange- 
ment being that all profit was to go to the "preferred" 
shares till 10 per cent, per annum was paid on them, after 
which only were the "consolidated" shares to participate 
in the profits. It was some years before anything thus 
became payable to the " consolidated" shares. They did, 
however, eventually receive dividends which rose to 2 J 
per cent, in 1866, but from that fell ofi* to nothing in 1869. 
The canal was then leased, as above stated, the terms being 
payment of 10 per cent, per annum on the "preferred" 
shares, and of 4 per ceni on the "consolidated" shares 
and on some other bonds for small sums ; the total annual 
payment being 175,000 dollars. 

The following statement gives the income of the canal 
from all sources for each year, from 1845 to 1870 and 
1874 and 1875:— 

Dollars. 
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General des- The Morris Canal connects the river Delaware at Phil- 

cnption ox line 

of canal lipsburg with the Hudson river at New York, and in doing 

so crosses the Muscanetcong hill, a spur of the AUeghenies, 
where it is 760 feet above low water of the Delaware and 
914 feet above half-tide water in the Hudson. The west- 
em end of the canal enters the Delaware at the town of 
Phillipsburg, neariy opposite the mouth of the Lehigh river, 
and the town of Easton. For about a mile and^a-^half the 
canal is forced by a steep rocky hill to keep close to the 
left bank of the Delaware, it then turns eastward and ascends 
(rising 760 feet in 38 miles) the Muscanetcong valley, cross- 
ing the water-parting between the streams that run west- 
wards to the Delaware and those that run eastwards to the 
Hudson, near the south end of lake Hopatcong. From its 
summit level it descends (914 feet in 53 miles) the valley of 
Brockaway river to the valley of the Passaic river ; it locks 
into and crosses that river where tidal at Newark, and 
a mile or so further on crosses the estuary of the Hack- 
ensack river, whence it passes through salt marshes to New 
Jersey City, and there by a tidal lock drops into the Hud- 
son and harbor of New York. The direct distance between 
the two termini of the canal is about 70 miles, whilst the 
length of the canal itself is 102 miles, the extra length 
being partly due to the general course required in order to 
cross the water-parting at its most favorable point, but 
chiefly to the way in which in the reaches between the 
planes a level contour has been closely followed ; this has 
added many miles of unnecessary sinuosities to the length 
of the canal. After passing lifts which suggest the will 
and power to carry the canal with the directness of an 
old Roman road, it is strange to find the channel twisted as 
it is merely to avoid banks and cuts which would not have 
been formidable. It was doubtless a consideration of cost 
which led to this, for timidity can hardly be ascribed to the 
Engineers who took a canal at all over such a line. The 
country through which the canal passes may be roughly 
described as agricultural on the western, and manufacturing 
on the eastern, slope of the water-shed, whilst along and near 
the summit it is rich in minerals, chiefly iron ore. Along 
the western portion of the canal, therefore, we find it passes 
through or close to only 4 towns, the largest (Washington) 
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t>f which has not more than 2,500 inhabitants, whilst down 
its eastern slope there are 10 towns (exclusive of "Jersey 
City"), aiid of these, one (Newark) has upwards of 105,000 
inhabitants, another (Patterson) has 34,000, and the others 
vary from 1,000 to 6,000. Many of these towns if not 
actually called into existence by the canal, at all events 
drew from it the material of their early vigorous growth, 
a growth which unfortunately was not foreseen when the 
canal was constructed, and to keep pace with which no 
attempt has for the last 30 years been made, railways hav- 
ing of late years absorbed the attention and money of capi- 
talists. 

At the western terminus the canal is dropped to the level T«rminalivortak 
of the Delaware river by an ** inclined plane" (No. "11 
West,'* 35' lift) some 150 feet distant from the river, the 
actual entrance to which is through a masonry stop-bridge 
under which the water enters the lower reach of the canal 
and stands against the " plane" except when excluded in 
very high floods (said to rise upwards of 20 feet), or when 
the reach has to be laid dry for repairs. The stop-bridge 
is a masonry arch of 22 feet span with platform just above 
flood level, through which there is an opening of 3 feet 
wide, or it may be regarded as two arches with a 3 feet in- 
terval between them. A wooden groove 6 inches X 6 
inches is built into the masonry of each side wall, down 
which, when it is wished to keep out water, are dropt 
baulks 13 inches X 5 J inches. At the ends of these baulks 
are fixed wooden pegs to which, when they have to be lift- 
ed, ropes axe attached, carried over pulleys on gallows on 
the platform, and hauled on by mules. The whole arrange- 
ment and appliances are rough, but their use is seldom re- 
quired, and they never have to be worked in haste. 

At Jersey City the terminal works consist simply of a 
tidal lock, which never has to deal with more than 5 feet 
difference of level, and of two basins with timber and rubble 
Bides, and a timber jetty. 

The works for overcoming differences of level consist of^'^J^^^^ 
23 locks of a total lift of 225 feet, and 23 " Inclined Planes" ^^» «f i«vi' 
of a total lift of 1,449 feet. 
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Looks. The locks do not merit much attention. They are from 

95 feet to 100 feet clear length, and 11 feet breadth between 
the gate quoins. Their lifts vary from 8 to 12 feet. The 
upper gates are almost all ordinary closing leaves with 
balance beams. The lower ones are all ordinary closing 
leaves worked sometimes by balance beams and sometimes 
by a jointed double-action lever, pushed forward by rack 
and pinion gearing from a staging over the tail bay. The 
chambers are filled by culverts from the head-bays issuing 
in some cases in the side walls behind the gate quoins, and 
in others under the lift-wall. The inlet vents are closed by 
cast iron-turning shutters. The chambers are emptied 
through wickets in the lower gates. Only one man is kept 
to work each lock^ but he gets assistance from boat-men. 
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HOGBIS CANA.L. 
The " iDclined Planes" deserve more extended notice : they 
are works of an uncommon character and of great excellence 
in their kind. Their positions, lifts, and gradients are shown 
in the following list : — 
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The boats are hauled over these planes, on trucks running 
on rails, by a wire rope wound on a drum driven by water- 
power obtained from the pool, or reach, of canal above each 
plane. The tracings which accompany this, and which by 
the courtesy of Mr. J. F. Randolph, Superintendent of the 
Canal, I was allowed to have made, from original plans in 
the office of the Company, give some of the main features 
and details of a " double track plane." Three of the 23 
planes have such double tracks, over which two boats can 
be passed, one up and the other down, at one and the same 
time. The grades of the inclines, as already shown, are 
generally from 1 in 10 to 1 in 12, The rails are laid on a 
guage of 12 feet, on longitudinal sleepers bedded on con- 
tinuous masonry walls. The tracks are prolonged beyond 
the ends of the incline till they reach the bed of canal, and 
are there laid horizontal for a length sufficient for the cradle 
trucks to stand on. At the summit, therefore, the inclin- 
ation changes from a rising to a falling one, and the radius 
of the curve of change is 320 feet. On the rails run the 
** cradles" : these are composed of strong timber frames in 
two portions, each 36 feet long, coupled (the boats also are 
hinged) by strong-hinged iron bars allowing vertical play 
when passing the plane summit. Each of the two portions 
of the cradle is carried on a truck with 4 pairs of SO'' 
diameter double-flanged chilled-iron wheels with J inch 
play and governed by powerful brakes which can be applied 
by means of levers at top of the cradle frame. 

Curved "saddles," or "bolsters," between each pair of 
wheels also allow a certain amount of vertical adjustment 
of the system when passing over the summit. The boats 
float into these cradles or ** cars" as they stand on the level 
at end of the tracks, are made fast to stanchions in their 
frames, and as they leave the water, settle down on their 
floors on which they rest whilst passing over the incline, 
floating out when they reach the end of the tracks. The 
traction rope, which is of wire and usually 2^"' diameter, is 
supported on grooved wheels and rollers between the lines 
of rails, and at the ends of the incline passes round guide 
sheave wheels of large diameter and is taken to the engine 
house, where its two ends are fastened to a spiral-groove<l 
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winding drum^ so that as one winds the other unwinds ; the 
direction of revolution of the drum can, by the usual mecha- 
nical arrangements, be reversed at will. Some further par- 
ticulars about the ropes used are given as an Appendix (No. 1) 
to these notes in a letter from Mr. H. Talcott, formerly Chief 
Engineer of the canal, copy of which was kindly obtained 
for me by Mr. L. Ward, to whom, as well as to his brother 
Mr. J. F. Ward, I am indebted for much kind attention. 

The winding drum is worked by machinery driven by a 
turbine in a well near one side of the incline, and so far 
down it as may be necessary to obtain the required fall for 
the water, which is led from the upper pool through a wooden 
flume. The machinery is situated over the turbine and is 
driven by a vertical shaft from it, the whole being covered 
by an " operating house" raised to such a level and so arrang- 
ed that the " plane tender" can from it see the upper pool and 
the whole of the plane, and, according to signals made by the 
brakesman who accompanies each boat whilst passing over 
the plane, he starts, stops, reverses, and otherwise controls 
the machinery by the movement of levers. 

Where the slope of the country is very rapid, these planes 
take the place of flights of locks with the advantages of (1) 
cheapness in cost of construction and working, (2) some 
economy of water, (3) very great economy of time. 

The actual cost of the construction of all the planes on the 
Morris Canal has been — 



Class. 


Namber 

of each 

class. 


Collective 
cost. 


Collective 
rise. 


Average 

cost per 

foot rise. 


Bemarks. 


Single 

Donble 


20 
3 


Dollars. 

677,074 
101,128 


Feet. 

1,229 
220 


Dollars. 

470 
460 


Say £ 93 per 
foot-lift. 



The cost of the double track plane "No. 12 East" (in- 
eluded in table above) at Newark, constructed in 1855, the 
vertical lift of which is 70 feet, was everything complete, 
33,890 dollars, or say £97 per foot-lift. This is one of the 
most perfect of the planes on the canal and runs through 
the town of Newark with level crossings at streets. 
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The monthly cost of working these planes is — 

Single track 'plane — 

One Plane Tender dollars 37 

,, Brakesman „ 34 

Total Single Plane... „ 71 

Double track plane--^ 

Same as single track plane 4- one 
Brakesman = dollars 105 

The monthly cost of working a lock is — 

one Lock Tender ,, 31 

As the average rise of the planes is equal to that of 8 
locks^ the saving a month in favor of the single track 
planes is 177 dollars, and in favor of the double track planes 
143 dollars. The cost of wear and tear of machinery,. &c., 
connected with the planes may be taken as quite balanced 
by what that would be of the gates, valves, &c., for as 
many locks as would be required to give the same lift. 

The saving of water is not easy to arrive at. It is vari- 
ously estimated at from 14 to 33 per cent, of the quantity 
required for actual working of locks, whilst the leakage 
always going on in connection with those works is entirely 
saved. 

The saving of time can be more certainly determined. 
The average time occupied in passing a lock is 9 minutes, 
that in passing a plane may be taken as 8 minutes. I found 
from actual timing at plane 2 west, (vertical lift 70 feet, 
grade 1 in 10), that it was there only 5 minutes, and 8 
minutes is certainly rather over than under the average, but 
taking the latter time, the result is that on each trip over 
the canal 21 hours are saved by the use of the planes instead 
of locks — thus, 

23 Planes (1,449' lift) at 8 minutes each = 184 minutes. 
1,449 feet ^lift would require say 160 
locks, at 9 minutes =1,440 „ 

Saving minutes . . . 1,256 

This saving is only that due to difference of time occupi- 
ed in actually passing over or through the two different 
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kinds of works, and does not take into account the extra de- 
lays that occur when boats travelling opposite ways arrive 
together at flights of locks, or the retardation due to the 
average speed not being acquired in the short reaches 
unavoidable in a steep country when " flights" are not used. 
Nor does it take into account the saving of time due to the 
fact that, as I saw, it is generally so managed that after 
passing a plane a boat leaves the cradle with a communicat- 
ed velocity of something like 2 miles an hour instead of 
being almost without way as she leaves a lock. Probably 
the time occupied by a boat in passing over the Morris 
Canal is less by 24 hours or 16 per cent, (taking average 
length of trip at present as 5 days) than it would be if 
locks existed where there are now planes. 

The Delaware (about 600' wide) is crossed by a flying CwMiBg; Biveps 
ferry worked by the current of the river itself. Across the 
river, at some 20' above its surface, is suspended a 1;^"^ wire 
rope on which travel 2 grooved wheels kept 15' apart by a 
stretcher. From the tail piece of the axle-bearer of each of 
these wheels, a rope passes through guide sheaves on her side 
to a windlass in the ferry boat, and are so wound on the drum 
that as one is slacked off the other is tightened, and vice 
versa. The ferry boat is a " flat," 50' long by 10' beam, 
which has on its up-stream side two "leeboards" 8' long each, 
raised or lowered by rack and pinion gearing, and when the 
current is weak these boards are lowered below the bottom 
of the flat to present more surface to the action of the stream. 
When one rope is slackened off and the other tightened the 
boat travels across the river towards the bank to which the 
tightened rope is nearest. No rudder is required. Speed 
can be lessened by equalizing, and direction of travel revers- 
ed, by altering the strain on the ropes. Boats with 70 tons 
of coals are easily brought across the river by this flat, lashed 
to her down-stream side. The whole apparatus is simple, 
not likely to get out of order, and is easily worked by one 
man. I have seen somewhat similar arrangements in Europe, 
but never in India, and I think it well worth introducing 
on some of our Madras river and canal ferries, where there 
is sufficient current, and navigation does not necessitate the 
swinging of the over-head rope at an inconvenient height 
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For the first 30 miles from the Delaware river the general 
iine of the canal is roughly parallel with the main drainage, 
and the streams crossed being but few and very small, are 
taken under the canal through oidinary masonry culverts. 
Between 30 and 34 miles (from Delaware river) the Musca- 
netcong, the main drainage of the valley up which the canal 
rises, is twice crossed by damming and locking into the pools 
so formed. Between this and the descent down the eastern 
slope, such small streams as are met with (most of the drain- 
asre that used to flow across the line of canal near its summit 
level is stored in the reservoirs to be hereafter noticed) are 
taken into the canal. On the way down the eastern slope 
the first important stream that is crossed, the Rockaway 
(48 miles from Delaware river) is dammed and the pool, 
locked into, and the same river is dealt with in the same 
way again 9 miles further on. At 67 miles the Pompton 
river is crossed by a long wooden aqueduct. At 71 miles 
(from Delaware river) the Passaic river is crossed by the 
only masonry aqueduct of any size on the canal. It has a 
central arch of 85 feet span and two smaller side ones, and 
is about 80 feet above the bed of the river. The rest of the 
streams between this and the Passaic at Newark (93 miles 
from Delaware river) are crossed by culverts and small 
aqueducts of stone and timber. Just beyond Newark the 
Passaic, where tidal, is looked into and boats are towed across 
it from a road bridge over that river. A mile further on, the 
tidal estuary of the Hackensack river is crossed in a similar 
way. Finally the Hudson from Jersey City to New York 
is crossed, when necessary, by the aid of steam tugs. 

Bridges. The bridges over the canal are very numerous, upwards 

of 200 it is said. They are all, or at least all I saw or 
heard of, were wooden king-post trusses (the tie very gene- 
rally of wire rope) from 40' to 50' span and from 12' to 16' 
wide. Their standard headway is 10', and they have a tow 
path under one end. The tow path abutment is generally 
of " dry" stone, the other one of rough rubble in mortar. 
The obligation to keep up many of these bridges has been 
got rid of by paying lump sums to the parties interested in 
them, and the result appears to be that the owners of such 
property do not keep it in anything like the good order 
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which they insist is absolutely necessary when it has to be 
maintained not at their own expense. At all events, when 
I enquired about a particularly rotten bridge, and I saw 
several which to drive over required boldnesa approaching 
recklessness^ I was pretty sure to find it was a " private" 
one. 

The canal being a " still-water one" fed from reservoirs, Dredging- 
there is not much silt brought into it ; but such as does find 
its way in and the washing down of the sides necessitate 
some clearance, and to effect this two " Osgood" dredges are 
kept. The excavator or dredger is a powerful scoop or dip- 
per attached to the end of a wooden arm which works up 
and down by means of a rack between the side framing of a 
projecting crane at the end of the dredge boat or flat. 
When the excavator is lowered it is pulled back so that the 
lip of the scoop enters the bed of the channel near the boat ; 
it is then dragged forwards and upwards by chains passing 
over pulleys at the end of the crane, and when it comes out 
of the water and to the required height, the crane is swung 
round and the back of the scoop, which in this position is 
downwards, is opened by means of a line and the stuff is 
discharged on to the side of the canal or into boats as may be 
wished. Drawings and description, which will more fully 
explain the method of working, accompany this (Appendix 
No. 2). I obtained them when in Washington from the 
Patent Office there. This excavator cuts out very hard soil 
and lifts large stones with ease. The steam machinery for 
working each of these dredges on this canal is placed on a 
flat which, in order that it may be taken into the plane cars, 
is only 10' 6'' beam and is therefore too " crank" to admit 
when floating, of the crane being swung much to either 
side. To steady her, therefore, there are at her ends two 
vertical baulks of timber ("spuds") which by rack and 
pinion gearing are lowered till their ends enter the bed of 
the canal and take a firm bearing : these " spuds" also act 
as anchors. The area which can be dredged in each posi- 
tion of the dredge boat depends (as does also the distance 
from her at which the stuff can be discharged) on the 
length of the crane and scoop arm : it may be taken as 
roughly, a semi-circle with diameter 2' greater than the 
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breadth of the dredge flat. In ordinarily firm soil these 
dredges take out between 200 and 300 cubic yards a day. 
To work them they have an Engineer, on 75 dollars a month 
with a comfortable dwelling-boat, and five men (one of whom 
is cook to the party) on 1 dollar a day each, with quarters 
on the dredge flat. The consumption of coal is said to be 
^ ton a day. 

Reservoirs. The reservoirs from which the canal is fed are five in 

number, viz. : — (1) " Cranberry Pond," (2) " Bare Swamp 
Beservoir," (3) " Lake Hopatcong," (4) ** Stanhope Reser- 
voir," (5) *' Greenwood Reservoir." Of these, I visited the 
first named four. 

(1.) "Cranberry Pond" is situated some 3 miles north 
of the canal. Its waterspread when full is 330 acres, its 
storage capacity about 111,000,000 cubic feet, and its drain- 
age area is 1,162 acres. The embankment which impounds 
the water I found, from stepping, to be 800 yards in length, 
nowhere more than 16' high and for at least one-third 
of its length under 12' high, with water-slope covered 
by loose stone pitching. The "Bye-wash" is a length of 
about 60' of natural surface of gi'ound protected by stone 
pitching, which is retained in position by sheet piling of 
small depth. The water used to be drawn out of this reser- 
voir through a wooden tube running through the earthen 
embankment, but a breach having occurred at the place an 
iron pipe 12'^^ diameter was substituted. This is some 9' 
below full water surface. It is closed by a wooden shutter, 
working down masonry groove walls, at the inner toe of the 
bank ; the spier of the shutter is of wood with holes in it 
and is lifted by a crowbar (in the same way as our old 
Madras sluice shutters) from a wooden foot-bridge. The 
pipe discharges into the natural rocky bed of a stream (the 
" Dragon brook") which used to drain the basin of the re- 
servoir, and by it and the Schwartzwald stream the water 
passes to the pool of the Muscanetcong river, where it is 
dammed and crossed by the canal at "Waterloo" just below 
" Plane 4 west" ; of course as long as any water is passing 
over this river-dam no water is let out of the reservoir 
under notice. 
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(2.) '* Barb Swamp Eeservoir." — ^This is situated high 
up in a peculiar depression near the summit of the hills 
amongst which it lies, about 7 miles north of the canal. Its 
waterspread when full is between 70 and 80 acres, its drain- 
age area 477 acres, and its storage capacity about 25,000,000 
cubic feet. Its embankment is in two portions, separated 
by a narrow spur of a hill, one portion 80 yards (by 
stepping) long, averaging not more than 6' high, and the 
other only 25 yards long across the gorge of the old stream, 
with a maximum of 12' high. The " Bye- wash" is a length of 
about 40' of natural surface of ground. The water is drawn 
out of this reservoir through a wooden tube 2' T x 1' 3^ 
passing through the bank at about 10 below full water 
surface and closed at toe of water slope by a paddle work- 
ing in a wooden frame. The wood of the tube is much 
decayed 1 The water discharges into the natural bed of the 
old stream, cascades down the rocky side of the hill, and 
then runs to the " Muscanetcong" river and is " picked up" 
in the same way as that from " Cranberry" reservoir. It 
is only in exceptionally dry seasons that water has to be 
drawn out of this reservoir. 

(3.) " Lake Hopatcong." — ^This is situated about a quar- 
ter of a mile north of the summit reach of the canal. Its 
waterspread when full is 2,800 acres and its drainage area 
27 square miles. It is a natural lake, the surface of which 
has been raised 13' or thereabouts by an embankment in 
two portions, one 50 yards long averaging about 6 high, and 
the other 100 yards long with a maximum of 13' high. In 
the latter is an opening 15' wide with masonry side walls 
and closed by " guard gates" in which, at different levels, are 
12 wickets (6 in each leaf) the sizes -of which I could not 
ascertain, but believe to be about 3 square feet each. At the 
back of these gates is a large basin from which a lock of 
the standard dimensions leads to the *^ feeder", an arti- 
ficial navigable channel of the same section as the canal 
proper, which it joins about midway along its summit reach. 
The sills of the "guard gates" and lock gates are at the same 
level as the bed of the canal which is 18' below full water 
level of the lake, so that boats can pass to and from the lake, 
from the shores of which iron ore and firewood are taken in 
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considerable quantities ; the boats are towed on the lake by 
a steam tug. Along the back of one chamber wall of this 
lock runs a masonry channel 8' wide closed at its upper end, 
nearly opposite upper gates of lock, by wooden gates work- 
ing in wooden frames. At about f rds along the channel is 
a wall which blocks it, in which is a vent, closed by a 
shutter worked above by rack and pinion gearing, through 
which the water passes along a continuation of the masonry 
channel and through the return of the tail-bay wall into 
the " feeder" and so to the summit reach of the canal whence 
it is passed as required to the eastern slope of the canal^ 
none of it being sent to the western slope except what is 
used in working " Plane No. I West." In the outer wall of 
the masonry channel along the lock side and just above the 
block wall are two vents closed by shutters worked in the 
same way as one above noticed, through which water is 
let out as desired into a natural channel and by it to 
" Stanhope Reservoir" (to be next noticed), and so to feed 
the western slope of canal, or to surplus. 

The waterspread of the lake when drawn off to level of 
full water in canal, or 13' below full water of lake, is 1,500 
acres and the mean area of the prism is said to be 2,050 
acres, which gives as the storage capacity 2,050 x 43,560 
X 13 = 1,160,874,000 cubic feet. The rainfall from 1846 
to 1869 inclusive, averaged 4255 inches a year, the small- 
est yearly quantity being, in 1866, 30*06 inches and the 
largest in 1850, 5461 inches. It is least in the winter and 
most in the summer season, the average for the seasons 
during the years 1846 to 1869 inclusive, being- 
Winter — December, January February ... 8*260inches. 
Spring — March, April, May ... ..10* 932 „ 

Summer — June, July, August ... ...11*926 „ 

Autumn — September, October, November. 1 1 -424 „ 

There is no surplus weir or bye- wash to this reservoir, all 
surplus having to be passed through the wickets in the 
guard gate and so by the lock and channel along it to the 
canal from which it is discharged by surplus sluices into a 
natural stream which flows into the Muscanetcong river. 
As above stated, I was unable to get the size of or levels of 
Ihe wickets (12) in the guard gates through which alone 
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the surplus has to be passed, but taking the size to be 4 
square feet each, and I believe it to be less than this, the 
discharge through them with a head of 11' would not exceed 
800 cubic feet a second. This would doubtless be perilously 
small were not the area of the reservoir so large as compared 
with its catchment basin (it could absorb 1^ off the whole of 
its drainage area with the rise of about 6"). I gathered in 
conversation with the Superintendent in charge of the sec- 
tion of canal to which this reservoir is attached, that though 
the surplus arrangements have proved sufficient, they have 
sometimes barely proved so, and when there is an appear- 
ance of heavy rain he does not like to keep the lake up to 
its full level. It seems a pity not to provide this noble re- 
servoir with a safety-valve in the shape of a bye- wash, which 
might be done at a small expense. 

(4.) " Stanhope Reservoir." This lies along the canal 
which passes through it just below Plane No. 1 West. It 
is a shallow lake of 90 acres receiving the drainage direct 
fi'om 3,000 acres and into it comes from the Hopatcong lake 
the water let out of it for feeding the western slope of the 
canal as above noticed, and also the surplus from that lake. 
It is relieved at its western end by a surplus sluice close to 
a "guard lock" where the canal runs into double banks, the 
water passing through that sluice and by natural channels 
to the pool of the Muscanetcong below *^ Plane 4," noticed 
in description of " Cranberry Pond." 

(5.) " Greenwood Lake." Situated some 15 miles north 
of Canal. Waterspread 2,700 acres. Drainage area 32 square 
miles. Level 630 'above | tide. 10 feet in depth available 
for canal supply ; that depth being drawn off' is said to reduce 
the area of the reservoir by 200 acres. Water let out to the 
Pompton river and from it taken by a feeder between three 
and four miles long to the canal. 

It does not appear that the projectors of the canal count- Traffic, 
ed on much more traffic than that due to the agricultural 
and mineral products of the country through which it 
passes and of " lumber" (sawn timber) coming down the 
Delaware, but as the extensive coal mines of the Lehigh 
valley in Pennsylvania were developed, coals from them 
came in increasing quantities down the Lehigh river and 
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canal to the Delaware river, and then naturally such as 
were for New York found their way along the Morris 
canal instead of by the much longer route of the Delaware 
river, Delaware bay, and the sea, which route also necessi- 
tated transhipment from the canal and river boats to coast- 
ing vessels. This Pennsylvanian coal therefore soon became 
the chief commodity carried on the canal, and its yearly 
quantity increased rapidly till the completion of through 
communication by railroad between the coal fields and New 
York harbor ; since then it has gradually deserted the canal 
till it is now only about l^ths of what it was in 1866. 
It might seem at first sight that in this kind of carriage 
a canal ought to hold its own against railways, and doubt- 
less this canal would have done so better than it has, had it 
been much larger admitting of the use of boats of greater 
tonnage, had it been provided with greater facilities for 
tracking such as good tow-paths on both sides instead 
of an often obstructed one, on one side only, and had it not 
been closed by ice for about a third of the year. But 
it must be remembered that in coal carriage, especially to a 
port, a railway has some important advantages over a canal. 
At one end of its line a railway loads its trucks at the pits' 
mouths, at the other end it discharges those same trucks, 
with scarcely any expense, off stagings into storage places 
or into vessels. Canal boats have to get the coals brought 
by trucks or carts and transferred to them, and in discharg- 
ing, their cargoes have to be lifted out of them at a consider- 
able cost — (here 30 cents a ton). The use of a railway also 
renders it unnecessary for either coal dealers or consumers 
to keep large storage yards at the harbor where land is 
so valuable, for purchasers will generally wait the short 
time required for getting the coal by rail from dealers' 
depflts at the mines, whilst they will not do so for the 
much longer time required for getting it by canaL 

The following statement gives the traffic on the canal for 
each year from 1860 to 1870 and for 1874 and 1875. 
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Boats. The boats used on the canal are of the following dimensions : 

Length overall 87' — Depth from gunwale to floor, amidships 
5' 5", at ends 6' V— Beam 10' y. They are flat-bottomed and 
nearly straight-sided except just at stem and bow ; 8' in 
length at the stem are decked and made into a cabin for the 
boatmen. The peculiarity of these boats is, that in order 
to pass the plane summit curves, they are divided into two 
portions at exactly amidships and there hinged vertically, 
the interval between the two sections being 6'^ These boats 
carry 70 tons of coal with a draught of 3' 9" which, though 
the canal is nominally 5 feet deep, is considered as much as 
advisable. They are built of " Georgia," white and yellow 
pine. Their average weight is 20 tons and their average 
cost 700 dollars. Nearly all the boats on the canal have been 
built by the company and are let or sold to the boatmen 
who work them. Private persons are allowed to put their 
own boats on the canal, provided they are built so as to be 
able to pass the inclined planes. The life of a boat is con- 
sidered to be from 5 to 7 years. 

T«wingi' The towing is done by horses or mules, two or three to 

each boat, and from 15 to 20 miles a day is considered fair 
going. Mules are said to last at the work on the average 
8 years; horses only 1 (one) year! whilst the former 
cost only frds as much as the latter to keep. In 1862 it was 
estimated that the towing could be done "by the mile for 
1 1 cents for loaded, and 7 cents for empty, boats", and the 
average expense of boats is given as " 3 dollars a day.'' 

ToUs. The rates of tolls charged for miscellaneous articles on 

the canal are given on the accompanying form. For coals 
there are special rates which are altered frequently. They 
are not charged according to mileage but according to places, 
and are regulated to a great extent by the amount of railway 
competition to such places. Thus, whilst in October, 1875, 
the toll from the Delaware river to Jersey City (New York), 
to which there is active competition by two lines of railway 
from the coal mines, averaged only f of a cent, per ton per 
mile, it averaged upwards of 2 cents to intermediate places 
not affected by such competition. Part of "Plane No. 6 
West" is arranged as a weigh-bridge, and all boats passing 
over it are weighed. A register of the weight of each boat 
empty is kept, and this being deducted from the gross weight 
when passing gives that of the cargo then in her, on which 
tolls are collected. Boats working between points not ne- 
cessitating their passing this plane, have the weights of 
their cargoes estimated by their draught. 
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Jersey City, April 1st, 1873. 

RATES OF TOLL. 

From this date, until further notice, the rates of Toll on Mobbis Canal 
will be as follows, subject to rules and regulations : 



Abticles. 



Bark (ground and unground) 

Brick (common)* 

Brick (fire and pressed) 

Flour, Feed, Meal, Grain and Seeds. 

Hydraulic Cement 

Ice 



Iron Bars and Rails. 



Iron Pigs and Scraps 

Iron Ore and Forge Cinders 

Lath, Heading, Staves, and Hoop Poles. 
Lime 



Lime Stone. 



Lumber and Logs. 
Manure 



Paying Stones. 
Plaster 



Railroad Ties, and Posts aod Rails. 
Salt 



Sand and Clay 

Soap Stone 

Stone, Flagging and Curbing. 
Wood 



Zinc Ore. 



Unenumerated Articles. 



I 



Rate per 
Mile. 



cents. 
2 
1 
2 

n 

2 

4 

li 

2 

If 
2 

H 

2 
3 

Ik 
2 

2 

n 

2 

2 
2 

2 
3 



Maximum. 



$ cents. 
1—00 
50 
1—00 
1—00 
1—00 
70 
1—50 
1—00 
1—00 

1—50 

1-00 

1—00 

1-00 

1—00 

1—00 

J— 00 

75 

• 

1-00 

75 
1—50 
1-00 

50 
1-00 
2—00 



* Except for distances not exceeding 11 miles, in which case the Tolls 
will be 12 cts. per ton. 
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APPENDIX No. 1 
To JNoTES ON Morris Canal, 

(See portion of Notes " Inclined Planes") 

Jersey City, July BOth, 1861- 

Wm. sellers, Esq., 

Philadelphia. 

Dear Sir, 

I am at last prepared to answer the questions propounded in yours 
of the 8th instant. I shall state the answer without repeating ques- 
tions, but in the order stated in your letter : — 

(1.) Gross tonnage up the plane 3,830,269 tons. 

„ down „ 2,441,594 „ 

„ both ways 6,271,863 „ 

I have taken the first plane built for wire ropes (No. 6 West) be- 
cause it has a scale on it and all the tonnage is weighed as it passes-. ' 
The ton used is 2,240 lbs. There are two tracks to this plane, and 
consequently 2 main ropes. I have taken the second set of ropes, 
being those put to service at opening of navigation 1855, and lasting 
till close of 1860 — six years. The tracks were used alike, and if we 
allow that each rope carried half, the amount for each will be — 

Ascending tonnage 1,915,134| tons. 

Descending tonnage ,,,1,220,797 „ 

Total both ways 3,135,931| „ 

Some other planes carried all this tonnage with a single track and 
one rope, which rope lasted about 4 years and carried equal to 
about § of the above amount (or 4,181,242 tons.) 

(2.) At Plane 6 West the car moves 944 feet in distance each . 
trip, and the total elevation to which the load is lifted is 56 feet 6 
inches for the ascending, after which they are let down 5 feet 6 
inches. 

The descending loads are first raised 5 feet 6 inches, and then let 
down 56 feet 6 inches. 

(3.) The inclination of the plane is one in ten, except where the 
boat is launched into the water, and at those places it is one in 
twenty. 

(4.) The ropes were 2i inches diameter, made by J. A. Roebling 
Trenton, N. J, Wire centres, as opposed to hemp centre strand. 
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(5.) The number of trips ascending with loads 33,290 

Do. do. with empty car 16,645 

Do. descending with loads 14,098 

Do. do. with empty boats.... 19,192 
Do. do. with empty car 16,645 

Total number of trips... 99,870 

(6.) Speed in miles per hour is 3^V ascending. 

Do, do. ^TiTo descending with a load, and 

empty car on the other track. 

(7.) In the trial made at Plane 6 West in 1849, the power 
required to work the machinery empty was taken at 47x^0 ^orse 
power of (33,000 lbs., 1 foot high per min.) Subsequent experi- 
ments made roughly at various planes indicate that, that estimate 
was too high. The single track planes with grade of 1 in 12 run 
empty by the gravity of the cars too fast, so as to require checking 
by the brake ; these planes have an equal amount or length of ropes 
in motion with No. 6 West and all the other machinery except one 
set of cars, and one large sheave at head of plane. The gravity of 
1 in 12, at our speed ascending is 42-j-*^ horse power, and I now 
estimate that 40 horse power is enough for this item on Plane 6 West. 
The power required to overcome the gravity of the cars on two 
tracks while one car is being hauled out of the upper level may be 
taken as equal to one car on a grade of 1 in 10, which is equal to 
49^"^ horse power, and the distance at Plane 6 West moved over in 
so hauling out of the upper level is 220 feet. 

(8.) The additional power required for any definite load in the 
cradle is composed of two parts : — 

1. Gravity of the load, with cargo of 66 tons — 1 ton of water 
and 16 tons of boat, at Plane 6 West is 1 50^^ horse power. 

2. Additional friction of all the rubbing parts from the load I 
estimate at 15 lbs. per ton, equal 1 l-nj^ horse power. 

(9.) I have not made any other experiments which would an- 
swer 7 and 8. 

(10.) The diameter of winding drum at Plane 6 West is eleven 
feet and at all the other planes 12 feet. 

(11.) The smallest sheave over which the rope makes a bend is 
3 feet diameter. There are 7 of these on each track at the summit 
so placed that the bearing points of the rope are in a circle of 320 
feet radius, and are each 8 feet apart. 
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(12.) The sheave which reverses the direction of the motion at 6 
West is 7 feet diameter. At all the other planes it is eleven feet dia- 
meter. At No. 6 West the bend is only 80 degrees, and at all the 
others it is about half the circle. 

(13.) The diameter of the bottom of the groove of supporting 
sheaves on 6 West is the same as the rope for ^ the diameter of the 
rope. The other planes vary from this up to 4 inches diameter. 

(14.) From centre to centre of carrying sheaves is 24 feet, which 
is quite far enough for our ropes. 

(15.) The strain should not exceed -J- the ultimate strength, com- 
puting that strength at 73,000 lbs. per square inch of metal. 

I have only to express my regret that circumstances delayed my 
• answer so long. 

Hoping that it may be in time to serve you, I am very 

Respectfully yours, 

(Signed) W."H. TALCOTT. 



Description of second set of ropes at Plane 6 West^ made 

hy J. A. Roebling. 

Main rope north track first used November 1st, 1854. 
Length 1,120 feet. Weight 7,790 lbs. Weight per foot 6^ lbs. 
Composed of 7 strands, each of 19 wires, No. 10 wire guage. Total 
wires 133. 4| inches lay in strand. 

10 „ „ rope. Used 1,303 days. 
Main rope south track first used April 5th, 1855. 

Length 1,114 feet. Weight 7,650. Weight per foot 6^ lbs. 
Formed same as rope on north track. Used 1,317 days. 

Back rope. Length 1,043 feet. Weight 3,766 lbs. Weight per 
foot 3^^ lbs. Composed of 7 strands of 7 wires each. No. 9 wire 
guage. Lay in strand 3 inches. Lay in rope 8 inches. First used 
June 18th, 1854. Used 1,104 days. 

The material of wire ropes is Norway iron : they are not however 
made to specification. 
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COST OP THE INCLINED PLANES UPON THE PRESENT 

CONSTRUCTION. 

Comparison of the Cost of Planes East and West of the Summit. 



Division. 


Number of 
Planes 


Collective 
Rise. 


Collective 
Cost. 


Average 

Rise of 

each Plane. 


Average 

Cost each 

Plane. 


East of Summit 


12 
11 


758 ft. 
691 ft. 


»351,114-81 
»327,987-41 


63 ft. 
63 ft. 


»29,259-57 
»29,81704 


West 


71 ••••••#••. 


Totals... 


23 


1,449 ft. 


»679,102-22 
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Comparison of the Cost of Single and Double Planes. 



Class. 



Single . 
Double 



«4-l 


. 


o 


OQ 
OQ 


;-l 


OS 


© 


1— » 


^ 


o 


n 


M 


^ 


o 
© 



© 

O 00 

© o 
O 



8)1© 
I * § 

© -»9 ,3 



© 

■»9 (Q 

O m 
O 

o 



© o 

60 S © 
g © 

© © j5 

>.2flH 



© 0° 



O 0) 



5-2 8,i 

O O O <n 



20 
3 



»577,973-84 
8101,128-38 



»28,898-69 
833,709-46 



1,229 ft. 
220 ft. 



61-46 ft. 
73-33 ft. 



S470-28 
»459-67 



APPENDIX No. 2. 



■^ »o c* 



United States Patent Office. 



RALPH R. OSGOOD, OF TROY, NEW YORK. 
IMPROVEMENT IN DREDGING-MACHINES. 



Specification forming part of Letters Patent No. 157»10l9 dated 
November 24, 1874 ; application filed August 29, 1874. 



To all whom it may concern : 

Be it known that I, Ralph R. Osgood, of Troy, in the county of 
Rensselear and State of New York, have invented a new and Im- 
proved Dredging- Machine ; and I do hereby declare that the follow- 
ing is a full, clear, and exact description thereof, reference being had 
to the accompanying drawings making part of this specification, in 
which — 

Figure 1 is a side elevation of my machine closed, and ready to 
be swung around. Fig. 2 is a similar view, showing the excavator 
in a position for dredging. Fig. 3 is a vertical central section of 
my machine, with the excavator in a position to be used as an anchor, 
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or swung around to empty its load. Fig. 4 is a modification of the 
manner of raising the auxiliary arm. Fig. 5 is a top view of the 
devices used for holding the auxiliary crane-arm at any desired ele- 
vation. 

The ohject of my invention is to render more practical and useful 
the well known dredging-machine having a horizontally-swinging 
main crane-arm, and a vertically-swinging auxiliary crane-arm, and 
a sliding and swinging scraper, as shown in my drawings. 

My first improvement consists in means for holding up the auxili- 
ary crane-arm while swinging the crane-post on its axis for working 
the scraper on either side of the post, and while moving the scraper 
out forward of the main crane-arm for the purpose of using it as an 
anchor while drawing the dredging apparatus to a new place requir- 
ing to he dredged. With the dredging-machine having the auxili- 
ary crane-arm, so much inconvenience and annoyance from said arm 
being in the way, and interfering with the expeditious working of 
the apparatus being experienced, very little satisfaction or benefit 
has been derived from the use of such machines, although the auxi- 
liary crane-arm is one of the most important attachments ever made 
to dredging-machines on account of its permitting the power to be 
applied to the scraper or against the resistance at about an angle 
of forty-five degrees, or in an almost direct line. 

My second improvement consists in the combination of additional 
pulleys or sheaves with the ordinary pulley of the auxiliary arm, and 
in arranging the power-chain to work double or treble over these 
pulleys, and over pulleys in a swinging sheave-ease, and on the main 
crane-arm, whereby the power upon the scraper is increased, and a 
bearing for the power-chain is secured, both when the scraper is 
working back and forward of the pulleys of the auxiliary arm, and 
thus the chain is kept in proper working tension during the whole of 
the sweep of the scraper over the bed of the river, whether it is be- 
ing adjusted for working, or is in position for being swung around to 
be emptied of its load. 

My third improvement consists of elastic cushions applied at a 
given elevation or point on the chains which suspend the auxiliary 
crane-arm, whereby the force of the descent of the said arm is greatly 
modified, and the injurious effect from shocks and strain upon the 
apparatus in a measure overcome. 

My fourth improvement consists in a cramping contrivance com- 
bined with the suspending-chain of the auxiliary crane-arm, where- 
by the auxiliary arm can be cramped upon the chain, and held up 
out of the way at any point desired, while the crane is being swung 
around on its axis,, or the scraper moved outward to be used as an 
anchor. 
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My inveBtion consists, fifth, in having the elastic cushion-stop 
adjustable on the suspending-chain, whereby the power can be ap- 
plied through the auxiliary crane-arm at any desired angle. 

To enable others skiUed in the art to make and use my invention 
I will proceed to describe it. 

The crane-post A, main arm B, auxiliary arm B', and scraper D 
D' are constructed and fitted together and arranged to operate in the 
usual manner. C C are revolving sheaves or pulleys fitted in boxes 
set in between the side pieces of the main arm, and C^ C* C^ C^ are 
similar sheaves or pulleys fitted in boxes set in between the side 
pieces of the auxiliary arm. These sheave-boxes are at the outer 
ends of the said arms, as shown. E is a sheave-case or pulley hinged 
to the part D' of the scraper, and provided with a central pulley C, 
and chain-retaining pins C C' and attaching-arms C* C*. F is an 
endless power-chain passed through the pulley-boxes of the respec- 
tive arms B B, and through the pulley- case E, and in relation to 
the pulleys C C^ C', as shown in the drawings. This chain is con- 
nected, as usual, by one end tcr the pulley or sheave-case E, and by 
its other end to a power-windlass arranged in proper relation to the 
apparatus. G represents one of the chains upon which the auxili- 
ary arm is suspended. These chains are passed loosely through eyes 
in the sides of the arm at G^, or at any other suitable point, and 
fastened by their respective ends to the crane-post and main crane- 
arm . This chain is loose and long enough to allow the arm to swing 
around over it in the arc of a circle. G' are tubular cushions of rub- 
ber slipped over the chains and resting down upon stops G', which 
are made in two pieces, and clamped upon the chain at any desired 
point by screws. A washer of metal may be interposed between the 
cushions and the clamp-stops. By loosening the screws of the clamp- 
stops the stops may be lowered or raised, and thus the cushion set at 
any altitude desired, and caused to arrest the auxiliary arm at any 
desired angle with respect to the scraper. The eyes at G^ are form- 
ed in a rock-shaft G*, and on this shaft is a pulley G*, to which 
a cord G«, is fastenedeccentrically, and carried back between two 
guide-pulleys G^ G^, which are attached to the inner hinged end 
of the auxiliary arm, as shown. By pulling the cord G« the rock- 
shaft will be moved the distance of a quarter of a circle, and the 
suspending-chains cramped in such a way as to prevent the arm 
slipping down over them, and thus the arm is held up at any point 
desired by this contrivance. Instead of the cramping device a 
beveled pivoted hook H, is provided on the side main crane-arm, 
and a stationary latching pin H', provided on the auxiliary arm, 
and by this contrivance of the hook and pin the auxiliary arm is 
hooked up out of the way when the crane is being swung around 

£ 
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for working the scraper about a corner, or on either side of the 
centre of the crane-post, or when the scraper is being moved to a 
position forward of the crane-arm for the purpose of using it as a 
draft-anchor while pulling the apparatus to a new dredging spot 
in the river or other place. 

In Fig. 1 of the drawings it will be observed that the power-chain 
has a bearing against the two pulleys C C, and the three inner pul- 
leys C^ C^ CS and against the pulley C^. In Fig. 2 the same re- 
lation of parts exists, except that the scraper has moved forward and 
downward slightly, and the auxiliary arm has been lowered to near- 
ly an angle of forty-five degrees with respect to the scraper ; that in 
Fig. 4 the power-chain has a bearing against the three outermost 
pulleys C^ C^ C^, and the auxiliary arm has been carried up by the 
scraper ready to be cramped or hooked up, so that it shall be out of 
the way while the crane is swung around to empty the scraper, or 
while the scraper is being moved longitudinally beyond the end of 
the crane in order to serve as an anchor. 

In practice I may adopt only three puUeys, C^ C^ C^, and arrange 
the power-chain as shown in Fig. 4. In this case one of its ends will 
be attached to the outer end of the crane-arm B, and its other end, 
as before, to the windlass, after being passed about the pulleys 
C C^ C*, in the manner shown, and I may only use the hook H 
and pin H', or the cramping-shaft. Fig. 5, or I. may use both for 
holding up the auxiliary arm. I prefer the hook and pin, as these 
make a self-acting contrivance. I contemplate using other descrip- 
tions of holding up device, and therefore do not confine myself to 
the special construction shown. 

What I claim as new is — 

1. The combination of a sustaining device with the auxiliary 
hinged arm B' of the* crane, for holding up the said arm out of the 
way while the scraper is being adjusted and used as an anchor, and 
while it is being worked at any angle with respect to the side of the 
support of the crane and at will of the operator, allowing the said 
arm to be swung down to apply the power to the scraper in a more 
direct line, substantially as set forth. 

2. The combination of two or more end sheaves C C, and one 
or more intermediate sheaves C^, the power-chain F, vibrating 
sheave-case £, auxiliary crane-arm B', and main crane-arm B, and 
a scraper D D, whereby the chains are kept in position, and their 
power upon the scraper increased and applied in a very direct man- 
ner, substantially as described. 

3. The combination of the scraper D D', the yielding cusKions 
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G^, and the suspending-Kshains G, substantially as and for the pur- 
pose described. 

4. A cramping device G*, in combination with the suspending- 
chain G, for setting the auxiliary arm B' at any desired position with 
respect to the main arm B, substantially as and for the purpose set 
forth. 

5« The adjustable stop G^, in combination with the suspending- 
chain G, substantially as described. 



RALPH R. OSGOOD. 



Witnesses : 

J. N. Campbell, 
James Mabtin, Jb. 
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To Notes on Morris Canal. 



LIST OF PLANS. 

No. in 
Vol. of 

Plans. 
Inclined Plane, General Plan and Section — Car and Boat . .1 

Plan of Summit showing return ropes . . 2 

„ Groove wheels, upper level . . 3 

» »» » lower „ . .4 

„ and Section Groove wheel upper level.5 
w »> » >> lower „ ..D 

Side view of Plane House, and Machinery . . 7 
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INCLINED PLANE, 

Chesapeake and Ohio Canal. 

{Visited 17th-18fh May 1876) 

When at Washington (D. C.) my attention was directed to 
an " inclined plane" of a kind considered superior to any 
similar work in existence, which was being constructed from 
the Chesapeake and Ohio Canal into the Potomac at George 
Olgwt, &e. Town (a suburb of Washington) to take the place of the 5 
terminal locks from the canal into the river. The right to 
the surplus water in the canal, having been obtained by a 
Company, they have considered that the saving of water 
available for their use which will thereby result, makes it 
worth their while to replace the locks by the "plane," at a 
cost estimated at 100,000 dollars, but which will really, I 
believe, be considerably more. It was at first proposed to 
model the '* plane" on the general design of the planes on 
the Morris Canal, but this was objected to by boat owners 
and those specially interested in the navigation of the canal 
on the grounds that by hinging the boats they are weaken- 
ed, and by letting them rest on their cradles whUst passing 
the planes they are liable to be strained. Mr. H. E. Dodge, 
the president of the Company that had obtained the mill 
rights, then visited England on purpose to see the " inclined 
plane" at Black-hill on the Monklands canal, over which the 
boats are taken "water-borne," and it was decided to adopt 
the system there obtaining with modifications and improve- 
ments. The engineering management of the matter was 
put into the hands of Mr. W. R Hutton of Baltimore, Engi- 
neer of the Chesapeake and Ohio Canal, who prepared the 
plans, of which I forward a complete set herewith, with 
some few notes on them, added from inspection of the work. 
These plans were given to me by Mr. Hutton himself on the 
authorization of Mr. Dodge, the president of the Company, 
and to both of those gentlemen I am indebted for their 
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courtesy. When I visited the work it was nearing comple- 
tion. 

The difference of level to be overcome is from meantide Descriptaon. 
level in the river to full water in the canal, 38^ feet. The 
gradient of the " plane" is 1 in 12 and its total length 589 
feet. For this length are laid two pairs of rails to carry the 
caisson, on a guage of 4 feet 8 inches and with 4 feet 8 
inches between them, making the distance from outer rail 
to outer rail 14 feet. These rails rest on longitudinal sleep- 
ers bolted down to continuous masonry walls, the level of 
the upper end of the track being 9 feet (6 feet depth of 
water -f 3 feet height from rail to bottom of caisson) below 
canal water level and the lower end 16 feet (6 depth of water 
4- 10' height from rail to bottom of caisson) below the 
water in the river. For the upper 400 feet of the plane 
there are alongside the two middle of the four rails ratchet 
or safety rails into which pawles attached to the centre 
truck of the caisson, can be dropped, to prevent accidental 
running back. At 10 feet clear on either side of this cen- 
tral set of rails, but for only 300 feet from near the upper 
end of the incline, there are similar sets of rails to carry 
counter- weights. The dimensions of the caisson in which 
the boats are to be carried " water-borne" are — 

* Inside length 110 feet, 

„ breadth 15 feet 3 inches, 
„ depth 6 feet 6 inches. 
It is constructed of iron, for the details of which the plans 
must be referred to. It rests on three strong timber frames 1 6 
feet long by 17 wide, each carried by two six-wheeled 
trucks side by side on the parallel lines of rails. The frames 
on these trucks are of such heights respectively, that the 
caisson, though travelling on an incline, is kept horizontal. 
At each end of the caisson is a door or gate which pressure 
ftom within keeps tightly closed, but which when the pres- 
sure on each of its sides is equalized can be dropped inwards 
and lies in a depression specially provided for it below the 
true floor. In these gates are valves by which water can be 
admitted to, or let out out of, the caisson. The weight of 
the caisson full will be about 300 tons. 

* NoTB.^Size of locks on canal 100' x 15' and depth of water 6'— boats 
135 tons. 
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The caisson is hauled by two 2-inch diameter steel- wire 
ropes which are attached to it under the frame of the mid- 
dle truck. From it they extend to two pairs of winding 
pulleys, one pair on the right and the other on the left of the 
lines of caisson rails, at the top end of the incline, and there 
each rope making 2^ turns round its pulleys, passes down to 
a counter-weight. It then turns round a 9 feet 6 inch dia- 
meter sheave fastened under the frame of the counter- weight 
truck and is carried up to, and anchored at, the top of the 
incline. By this arrangement the travel of the counter- 
weights is only half that of the caisson, and they are kept 
from running down into water. 

Connter- Each of these counter- weights is composed of two waggons 

(19;^' X 15^' X 7") linked together, each waggon being car- 
ried by two six -wheeled trucks side by side on the parallel 
lines of rails. These waggons ate to have built into them 
solid masonry till they nearly counterbalance the full cais- 
son. They will move up and down their rails in opposite 
directions of course to the caisson and, as already explained, 
at only half its rate of speed. 

Safoty-pawies. Under the centre truck of the caisson are six wrought-iron 
pawles (three on each side of the truck) which are kept clear 
of the ratchet rails by a slight wire-rope which passes round 
sheaves to the counter- weights and is so kept in tension. 
In the event of the hauling ropes breaking this small tension 
rope would also snap and so release a counterpoise which 
would move a system of levers, and lower the pawles into 
the ratchet rails. It has been decided to provide for the 
counter-weights similar safety arrangements, which the ori- 
ginal design did not include. 

J^w a»d The motive power will be obtained from a " Leffels" double 

turbine water-wheel placed in a well, under the machinery 
which it works, about 29 feet below the level of surfiuje of 
canal water, from which it will be fed through a 20'^ diame- 
ter pipe, the tail water flowing to the river through a cul- 
vert from the bottom of the well. The calculated power of 
the turbine was stated to be 68 horse-power, 

The position, &c., of the machinery and gearing by which 
the movement and power are transmitted to the winding 
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pulleys are shewn on the plans. In order to press the cais- 
son home against the ends of the " head-bay," so as to make 
a water-tight junction, a " hydraulic ram" (so called, really a 
** hydrostatic press") is provided. The power for this is ob- 
tained from an " accumulator," which is a block of masonry 
built in an iron box or casing, 6 feet cube, carried on top of 
a plunger, the whole weight being 41,563 lbs. This is lifted 
slowly, whilst the caisson is travelling up the incline, by a 
hydrostatic press, the force pump of which Hs worked by an 
eccentric on the main shaft turning the winding pulleys. 
The pressure of this " accumulator" can at pleasure be 
brought to bear on the " ram" forcing it forwards and by 
an arrangement, which the remarks I have added to the 
plans will, I think, make clear, bringing such extra power to 
bear on the winding pulleys that the projecting sides and 
bottom of the front end of the caisson are, with a steady 
pressure, jammed tightly against the corresponding projec- 
tions of the *^ head-bay" (or lock), and by the use of India- 
rubber plates, or strips, a water-tight junction is made. 

At the summit of the incline is the lock or *^ head-bay" Head-bay. 
by which exit from, or entrance to, the canal is effected. 
It consists simply of a chamber open towards the canal, but 
closed at the incline end by a gate, which pressure from the 
canal side keeps shut, but which when pressure on both sides 
of it are equal can be dropped to the floor of the chamber, 
and hauled up from there by the usual drop-gate machinery. 
The chamber or ** head-bay" walls and floor project a foot 
beyond this gate, ending in heavy baulks of timber, into the 
faces of which are let broad plates, or strips, of India-rub- 
ber which project slightly beyond the surfaces of the tim- ^ 
bers. The caisson has end projections which fit to those of 
the " head-bay," and form in the interval between the gates 
of the " head-bay" and caisson a water-tight chamber 1 foot 
6 inches wide. Water can be admitted to this chamber 
through either of the gates and can be let out of it by . 
means of a drain-pipe. 

The machinery will be "operated" by means of four 
levers covered by a small house, at the " head-bay," from 
which the whole of the plane is visible. 
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Modeofworkiiig Supposing the caisson at the bottom of the incline, and 
that it be required to transfer a boat from the canal to the 
river, the " modus operandi" will be as follows : — The caisson 
being full of water and its gates closed, water will be given 
to the turbine by moving the lever which opens its feed- 
pipe, and the machinery being thus set in motion the cais- 
son will be drawn up the incline, till the projections of its 
forward end touch those of the '^head-bay." By the move- 
ment of another lever communication will then be opened 
between the accumulator cylinder and the " mm," which 
will cause the caisson to be pressed up against the " head- 
bay" compressing the India-rubber plates and making a 
water-tight connection. Into the interval between the two 
gates water will then be admitted till it stands at the same 
level as the canal, when the "head -bay" gate will be drop- 
ped. Any difference of level between the water on the two 
sides of the caisson gate will then be adjusted by the valves 
in it and the gate will be dropped, leaving free communica- 
tion between canal and caisson. The boat entering the 
caisson will, of course, cause a quantity of water equal to her 
displacement to pass from the caisson to the canal. The boat 
being fairly in and secured to stanchions, the gates of the 
*' head-bay" and caisson will be lifted, the interval between 
them will be emptied through a drain-pipe specially provided 
for the purpose, the communication between the accumu- 
lator and the " ram" will be closed and the ram retired, and 
the caisson will be lowered down the incline till the surface 
of the water in it is nearly level with the river. Exact 
equalization of level will then be effected through the gate 
valves, the gate will be dropped, and the boat will pass into 
the river. 

Time occupied. The time occupied by the whole operation will certainly 
not be more than that of one ordinary lockage, so that the 
time of passing 4 out of the 5 locks replaced by the " plane" 
will be saved, a saving of at least 40 minutes to each boat 
on each trip. 

WateruEed. The canal water used in the operation will be only 
fist) that let into the interval between the gates of the 
" head-bay" and caisson 15 feet X 1^ X 6' = 135 cubic feet, 
(2nd) that used to work the turbine. What the exact quan- 
tity will be I am not sure, but approximately it will be 2,800 
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cubic feet. The whole quantity thus abstracted from the 
canal will be only about ird that of a lockage, and on every 
passage of a boat from the canal to the river or from the 
river to the canal the Mill Company will save for their own 
uses about 6,000 cubic feet even if both ascending and de- 
scending hoots are equally laden, but as almost all the boats 
going downwards are heavily laden (chiefly with coal) 
whilst those going upwards are either empty or light, the 
canal vdll absolutely be replenished by a weight of water 
from the river equal to the difference between the weight 
of the ascending and descending traflic. The bringing up 
an empty boat from the river and taking down in her place 
one laden with 100 tons will result in the supply of some 
3,600 cubic feet of water to the canal so that the Company 
expect to entirely save the water now expended in lockages. 
What that quantity is expected to be for any particular 
period of time I am unfortunately unable to state owing to 
the non-receipt, probably arising from postal miscarriage, 
of certain documents about the scheme which I expected. 

I had hoped also before writing this to have heard of the 
" plane" being in operation and as to its success, but have 
been disappointed. 

The following is a list of the plans which accompany the 
notes on this work : — 
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NAVIGATION OF THE OHIO RIVER 
AND ITS TRIBUTARIES. 

msited 22nd-31st May, 1876.) 
— oo:»?oo— 

The Ohio Eiver. The Ohio carries to the Mississippi the drainage of 214,000 
square miles joining that river at Cairo 992 miles above 
New Orleans. From Cairo to Pittsburgh, where it com- 
mences to be called the Ohio, the length of the river is 963 
miles and in that distance the total fall is 426 feet. At 
Pittsburgh two rivers unite to form the Ohio, namely, the 
" Allegheny" and the " Monongahela." The former rises 
on the southern slope of the *^ divide," which on its other 
slope sheds into lake Ontario. Its general course is a little 
west of south, and its length is about 300 miles, for 250 
miles of which it is navigable by river steamers. 

The Monongahela, the general course of which is nearly 
due north, is formed by the junction, at 129 miles up from 
Pittsburgh, of the " Tygart's Valley River" and the *' West 
Fork River." These two streams rise about 40 miles apart 
on the western slopes of the Allegheny mountains and run 
northwards and gradually converging for about 135 miles 
till they unite at Fairmont. 

At 15 miles from Pittsburgh the Monongahela is joined 
by an important tributary the *' Youghiogheny River" 
which rises to the south-east amongst the spurs of the Alle- 
gheny mountains on the borders of the States of Maryland 
and West Virginia. 

Taking the proposed and existing extensions and improve- 
ments of the navigation of the Ohio and its tributaries in 
order from their head-waters downwards they may be sum- 
marized thus — 

1st. — The proposed canal joining the upper waters of the 
Youghiogheny with the Ohio and Chesapeake canal and so 
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with the Potomac river which flows into the Atlantic, and 
the canalization of the Youghiogheny from the proposed 
canal to the Monongahela. 

2nd.— The existing and proposed improvements of the 
Monongahela, 

3rd. — The proposed improvements of the Great Kanawha 
river. 

4th. — ^The existing and proposed improvements of the 
Ohio river. 

/. Proposed Canal joining the Youghiogheny River 

and the 0. and C. Canaf.—^^om the head of the existing 
" Ohio and Chesapeake Canal" (which joins the Potomac 
where navigable at Washington) to the head'of the proposed 
" slack-water" navigation of the Youghiogheny, 44 miles 
above its mouth, is only 90 miles ; but between the two 
points rise the summits of the Allegheny mountains. Many 
proposals have been made for a canal over the interval. The 
one recommended by the Government Engineers and spoken 
of as "quite feasible" would lie 94 miles long and would have 
to overcome by locks and inclined planes 1 ,342 feet on the 
eastern, and 1,072 feet on the western, slope of the moun- 
tains and would have a tunnel 3| miles long at 1 ,944 feet 
above tide water. With the dimensions of this tunnel 46 feet 
wide and 28 feet high, those of the general trunk of the 
canal 70 feet at water surface and 7 feet depth throughout, 
and the locks 120 feet X 20 feet, the total estimate for the 
canal is 22,983,040 dollars. The canalization of the Yough- 
iogheny from this canal to the Monongahela is estimated 
at 1,254,040 dollars making a total in round numbers of, 
say 25,000,000 dollars for the whole line from the Ohio and 
Chesapeake canal to the Monongahela at McKeesport, 15 
miles above Pittsburgh. 

There seems no probability of the early execution of the 
scheme. 

5- The existing and proposed improvements of the 

Monongahela River.—T^^Q ^onongSihelsL has been "slack- 
watered," that is, converted into a series of pools, from its 
junction with the Allegheny at Pittsburgh to " Jacob's 
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Creek" a distance of 84 miles. This has been done by a 
Company who between 1841 and 1856 constructed 6 dams 
across the river, each dam having a lock at one end of it. 
The Company is under an obligation to the State to con- 
struct another dam and lock which will extend the slack- 
water navigation 8^ miles further, to the boundary be- 
tween Pennsylvania and West Virginia. The lifts of the 
existing dams and locks at low water are : — Nos, 1, 2 and 
3 each 8 feet, No. 4, 10 feet, and Nos, 5 and 6, each 14 feet. 
They are all alike in character and I only visited* No. 1, 
just above Pittsburgh. Water was then (31st May, 1876,) 
going over the dam, and I could get no drawing of it, but 
in a pamphlet given me at the " Monongahela Navigation 
Company's" office the construction of the dams is thus des- 
cribed : — 

" The dams are constmcted of logs, Bqnaring at least a foot ; they are 
built up perpendicularly from the bed of the river to near the water level, 
when they begin to slope on both sides, to the comb, after the manner of 
an old time log cabin. They are tied together by cross timbers parallel 
with the line of the river, bolted to longitudinal timbers so as to form a 
net work, with interstices of 7 X 9 feet, filled with stone. Their breadth 
at the base is about 65 feet, their depth below the slopes, as originaUy 
built, is from 3 to 6 feet, though by reason of breaches, they are now much 
deeper in places." 

The locks built in connection with the dams are of masonry 
190 feet X 50 feet with 5 feet on lower sills. The dams 
with these locks cost on an average 90,000 dollars apiece. 
At dams 1 and 2 extra locks alongside the old ones have 
been built with chambers 250 feet x 56 feet. No. 1 cost 
56,000 dollars, No. 2, 50,000 dollars. The gates of the 
locks were originally arranged to run on rollers and tracks, 
but they were found to frequently clog with silt and drift, 
and now the gates are swung on the entii'e suspension prin- 
ciple, resting merely on the pivot, or " acorn," at the bottom 
of the heel post and supported by stay rods which revolve 
on a pin held over the centre of revolution by a wooden 
block 4 feet high which is tied back and down to the 
masonry. The opening is done by a rope and windlass and 
the closing by a spar pushed forwards by another windlass 
and rope. The whole arrangements have a rough appear- 

* Note.— With Mr. J. P. Koberts to whom I am indebted for kind assist- 
aiice and information. 
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ance, but work with great ease as will be seen from the fol- 
lowing extract from my note book : — 

" Afternoon, Slst May, 1876. Lock No. 1.— Large Cham- 
ber 250 feet x 56 feet. Difference of level above and below 
lock, 7J feet. Steamer and two coal boats entered from 
upper pool. Upper gates, with 1 man to each leaf, closed 
in 2 minutes. From commencing to open lower wickets till 
water level with lower reach, 5 minutes. Lower gates 
opened by 1 man to each leaf in 3 minutes. 

"Lower gates being open 2 steamers entered. Shutting 
gates done in 2 minutes. From commencing to open upper 
wickets till lock filled, 4 minutes. Steamers passed out in 
9 minutes from time of entering." 

The locks were originally filled and emptied through cul- 
verts in the lock walls, but these were given up in favor of 
sluices in the gates. Of these, there are 5 in each leaf, 
closed by cast-iron turning shutters 5 feet long, 2f feet high, 
with 8 inch diameter journals on which they turn horizon- 
tally and which work in bearings or journal-boxes in the 
gate timbers; the arrangements being such that any shut- 
ter can be easily removed and replaced without laying the 
lock dry. These shutters or wickets are actuated by elbow 
lever rods running up through staples and between wooden 
guards to the top of the gate where they terminate in 
ratchets engaging with cog wheels, each of which can, by 
the depression of a lever attached to it, be turned suflB- 
ciently to force the valve rod down as much as required, 
about 20 inches. The ends of all the levers on each leaf (5) 
are connected by a chain carried to a small crab winch on 
the lock wall, by which means all the valves in a leaf can bo 
moved at once by one man ; without using the crab the 
valves can be moved separately by hand. 

The cost of the works to end of 1872 has been 1,146,038 
dollars, of which the large sum of 473,493 dollars is due to 
repairs rendered necessary by the damage done by high 
floods, and enormous masses and fields of ice which come 
down the river and tear great rents in the dams. One in 
dam No. 2, in May 1868, scoured out the bed of the river, 
sand and gravel, to a great depth and is said to have re- 
quired to close it " more stone and timber than were used 
in the original construction of the whole dam." 
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Tuna JtTrtfBo The tabic below gives from 1845 tbo yearly receipts frtan 
tolls and the quantitieB of coal which passed through the 
works. 

AGGBKGATES OF EECEIPT3, YEABLT, 
Frfim the several Sowrcea. 





Tolls. 


Total 

Bashols. 

CobI & Coke. 


Tear. 


Colli, Ooko 


Other 
FreighU. 


— 


TotalB. 




Dollws. 
6,SS3 
10,221 

18,3« 
12,438 
13,E3S 
17,033 
17,850 
20,014 
21,391 
25,079 
31,050 
10,566 
87,111 
34,353 
39,085 
53,032 
30,9-15 
26,700 
40,533 
ei.3Sl 

6Q,6as 

77,8U 
54,855 
91,37fi 
104,936 
118,705 
100,333 
115,BO0 
116,728 
137,489 
133,610 


DoIIb™. 
15,173 

20,520 
24,345 
25,913 
24,875 
23,587 
23,824 
30,4B3 
25,260 

37,250 
17,454 
31,658 
27,455 
33,635 
34,083 
20,075 
25,675 
33,660 
53.939 
60,970 
69,520 
64,854 
60,892 
72,064 
80,119 
63,239 
67,913 


DoUara. 

8,123 
12,830 
16,674 
18,271 
15,337 
18,702 
19,299 
17,011 
16,1U 
15,019 
14,753 

5,288 
12,483 
11.289 
12,077 
13,735 
10,895 
10,010 
13,081 
23,757 
22,267 
22,856 
16,677 
17,033 
18,299 
19,067 
11,672 
12,176 


DoUara. 
38,570 
43,422 
54,261 
66,623 
53,746 
64,313 
65,974 
67,519 
62,666 
63,189 
73,054 
33,309 
81,253 
73,098 
83,798 
99,901 
62,806 
62,403 
87,174 
139,081 
152,855 
170,188 
126,387 
169,291 
195,300 
217,893 
174,250 
195,698 

215,463 
194,833 
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It will be seen how greatly the coal traflic has grown of 
late years ; that growth will continue and be even more 
rapid as the improvement of the rivers is extended, for the 
Monongahela and its tributaries run through beds 1,600 
square miles in area, of easily obtainable bituminous coal, 
for the carriage of which to practically unlimited markets 
the Ohio, Mississippi and Missouri provide the cheapest of 
all ways; and the Monongahela water-shed is rich not only 
in coal, but also in iron ore of excellent quality, in limestones, 
and in salt. The more than local importance of the fuller ^opo^AJm- 
development of these natural treasures having been recog- 
nized, Congress has decided on carrying out the improve- 
ment of the upper Monongahela by national funds, and the 
work has been commenced. It consists of the "slack- 
watering" of the river from the head of the existing naviga- 
tion for 37 miles farther to the junction of the " Tygart's 
Valley Biver" and the " West Fork." The system adopted 
is like that in existence on the lower part of the river, but 
as the slope of the river is much steeper in its upper parts, 
the dams have to be closer together. The intended posi- 
tions for them and lifts of their locks are — 
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Remarks. 



Being built. 

Note. — The dam yet to be built by the 
Company, already noticed, is No. 7, 
and it will probably be so high as to 
render unnecessary any No. 8. 



The cost of these dams and locks (200 feet x 50 feet and 
6 feet on the sills) is estimated at 130,000 dollars each. 



3' The proposed improvement of the Great Kanawha 

River*" — The Great Kanawha Biver, which joins the Ohio 
at 263 miles below Pittsburgh, flows north-westerly from the 
western slopes of the Allegheny mountains through a country 
rich in minerals. Little has as yet been dotie to improve it 
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beyond some dredging, removal of rocks, and erection of 
loose stone dykes, and it is only navigable for a short dis- 
tance during high stages of water. It nevertheless now 
sends annually to the Ohio some 5 million bushek of coal 
and large quantities of salt. It is proposed to make it navi- 
gable at all times for river boats from its mouth to the 
" Great Falls," a distance of 94 miles, by converting it into 
a series of still-water pools separated by dams and locks. 
The cost of the works required is roughly estimated at from 
2 to 3 millions of dollars; but nothing is yet definitely 
decided on. 

4' The proposed and existing improvements of the Ohio- 

— From Pittsburgh to Louisville, a distance of 598 miles, the 
mean fall per mile of the Ohio is little over 6 inches and in 
its low stages it is obstructed in many places by gravel bars 
on some of which there is not more than 1 foot depth. At 
Louisville occur the only rapids on the river. There it is 
barred by a reef of limestone rock down which in low 
stages of the river there is a fall of 26 feet in 3 miles. 
Below this to its mouth, 362 miles, the river falls on an 
average a little over 3 inches a mile and shifting sand-bars 
with as little as IJ foot of water on them are frequent. 
The extreme oscillation of the river between low and high 
water is 35^ feet at Pittsburgh, 62J feet at Cincinatti, 
65 feet below the Louisville falls, and 52 feet at Cairo. For 
about 100 days in the year the river may be said to be not 
navigable owing to the insufficient depth on the bars. To 
remedy this various plans have been proposed. One of the 
first was that of Mr. EUett for storing up in artificial reser- 
voirs a sufficient quantity of its fiood-waters to supply the 
river in its lowest stages with enough to keep 6 feet on the 
bars. This scheme has after careful investigation been 
declared by several eminent Engineers to be impracticable. 
Another suggesticm has been the construction of a canal to 
bring the required water from lake Erie, but that this is 
quite impracticable has been shown by CoL W. E. Merrill, 
who says of it: — 

" The supply would have to be by a through cut and that through a 
ridge of not less than 600 feet high and fully a hundred miles wide. It 
could only be done by a tunnel at least 150 miles long. But suppose we 
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could have that tunnel ? water will not ran in a cut unless it has some Extract from 

slope, and in a narrow channel the slope could not well be less than 2 feet Colonel W. E. 

to the mile. You might call the distance 200 miles. It is certainly not con^tteeon 

less than that from any point which can be considered, and you could not Transportation 

' rf routes 29tii 

give less of a slope to this channel, to make any kind of a supply of water Got 1873- 

than 2 feet a mile. The upper end would require to be at least 400 feet 

higher than the lower end. Lake Erie is 565 feet above the ocean and, 

consequently, would only supply a point 200 miles distant that was 160 feet 

above the ocean, and as the river at Cairo (its mouth) is 275 feet above the 

ocean it is manifest that no point in the Ohio could be reached by that 

method." 

This impossibility having been demonstrated it was pro- 
posed to pump enough water from lake Erie over the water- 
shed. Of this wild idea Colonel Merrill says — • 

" I found it would take 125,000,000 dollars a year to lift the amount of 
water required to supply 6 feet of water in the Ohio River at Wheeling. 
Taking the estimates of Mr. Ellett, made years ago, I found that the first 
cost of the buildings and machinery would be about 625,000,000 dollars. I 
thought that was sufficient to prove the impossibility of such a scheme, 
but it seems somebody found a pump claiming to do better. I estimated 
on that basis which may be considered the maximum possible and even 
then, on that, I could not give a less annual expense than 4,000,000 dollars, 
and the first cost of 45,000,000 dollars. That stopped that plan of course." 

The only possible way of thoroughly improving the na- 
vigation of the river appears to be to treat it as the 
lower Monongahela has been treated : to " slack-water" it. 
I cannot do better with reference to this than give Colonel 
Merrill's evidence on the subject before the Transportation 
Committee, October 29, 1873 :— 

" The great advantages of the slack- water plan are that it is simple ; its 
expense can be calculated with as much Siccuracy as any work in water 
can be, and I think I ought to state here that any work in water is subject 
to contingencies which cannot be foreseen, and therefore exact estimates 
are simply impossible. A bed of a stream is itself your reservoir, and it 
gives all the water you need, and not one drop more. You simply retain 
what is needed for navigation. The stream will always supply the lockage, 
and even if it should not run over the dam, still you will have plenty of 
navigation in the pools. It is easily built ; there are no excessive dangers » 
and it is at present in use on the Monongahela river, where it fully meets 
the wants of the very class of navigation which demands the improvement 
of the Ohio, and that is the coal-trade. 

There is but one thing, however, to be said about applying it to the 
Ohio. The coal-trade of Pittsburgh is a unit in demanding that nothing 
shaU be put on the Ohio that will in any way interfere with the full and free 
nse of the stream, as they have it now when the water is high. They 
claim that it is impossible for them to stop at every lock, break tows, and 
take them through and re-form them. My own experience with coal-tows 
makes me think the objection is a good- one. I came down from Pitts- 

G 
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burgh to Cincinnati on a coal-tow on purpose to flee how they got along. 
To that objection we reply ^hat it is perfectly feasible to make an opening 
200 feet wide <5r more, if necessary, although I think 200 would be enough 
in one of these dams, cutting it down 4 or 5 feet, so as to take ofiE the lift 
almost entirely. Have this chute opened and shut by a hydraulic gate, 
manageable by one man, the force being the force of the water always to 
work it, and through which these boats can pass with just as much safety 
and with as little detention as they can in the open river. In returning 
they return empty, and there is no difficulty at all in their breaking up 
their tows, because they are light and are not so tightly held together, 
and can re-form their tows. 

It would save time, because they now come down loaded on a rise, and 
they go back empty ; but a boat draws about 3 feet, aud very often the 
rise, before they can get back to Pittsburgh, is altogether gone, and the 
river is dead low. They sometimes have to lie by for months and months, 
scattered along the river, until the next rise takes them back to their 
harbour. 

But this movable hydraulic gate, on which the whole thing hinges, is an 
experiment. Means for accomplishing this purpose in a little different way 
has been used on a small scale in various rivers in France, Germany, this 
country, and the East Indies, but nothing quite analogous to what we have 
to build for the Ohio. The matter has been under the charge of a board 
• of engineers, consisting of General Weitzel and myself, for a long time. 
We sent in a preliminary report to the last Congress, which unfortunately 
was not published, and no action was taken. In that report we stated our 
positive belief that it was perfectly feasible to make such a hydraulic gate, 
but before committing ourselves to the great cost of applying the slack- 
water system with this hydraulic gate to the Ohio, we desired to make an 
experiment on a smaller scale to some other stream.*' 

Having in 1874 been directed by Congress to estimate for 
'* the radical improvement of the Ohio river so as to give 
6 or 7 feet of navigation at low water," Colonel Merrill 
submitted, in 1875, the following estimate for providing 6 
feet depth by 68 weirs across the river each with a "navi- 
gable pass" 400 feet long in it, and a lock at one end 680 
feet long between the hollow quoins and 76 feet wide : — 

FINAL ESTIMATE. . Dollars. 

12 Locks on rock at $179,610 2,165,320 

56 do. gravel at $286,168 16,969,4^8 

8 Navigable passes on rock 522,480 

60 do. do. gravel 5,445,840 

6 Low Weirs on rock 332,644 

62 do. do. gravel 5,269,684 

3 High Weirs on rock 234,486 

65 do. do. gravel 6,492,923 

23 Piers on rock 116,127 

113 do. gravel 604,663 

68 abutments on gravel 706,600 

10,840 linear feet of dam across islajid-chates 847,796 

Total cost of radical improvement... 38,696,671 
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** The above estimate has been made with a great deal of care, and is 
about the best that is possible nnder our present knowledge. It is a very 
difficult and uncertain task to make estimates for works of such magnitude 
in ihe absence of practical experience in construction of a single one, and I 
would not presume to undertake it at the present time, were it not for po- 
sitive orders to do so. Considering the additional difficulties that will be 
encountered below the falls of the Ohio, on account of the short and un- 
certain season for work, and the enormous masses of sand that are trans- 
ported by the current, which will undoubtedly cause delays and extra 
work, I think it would be safer to put the whole estimate at $40,000,000, 
which is at the rate of $41,365 per mile, the total length of the Ohio river 
being nine hundred and sixty-seven miles. Bearing in mind the enormous 
tonnage that would be borne on the river, if it were made navigable 
throughout the year, it does not seem unreasonable to request appropri- 
ations for its improvement at least equal to the sum that would be required 
to build a railroad of equal length/' 

There seems a probability of this or a somewhat similar 
scheme being put in hand before long, it would of course 
take many years to complete. At present, with one excep- 
tion (the Louisville and Portland canal), nothing has been, 
or is being, done to' the river beyond spending from 100,000 
to 200,000 dollars annually in dredging, and removing 
snags, and putting up rough stone dykes here and there to 
contract or direct the current— all excellent measures as far 
as they go, but that is but a little way towards appreciable 
improvement. 

One important work on the river has been carried out, and * Lomaviiie and 

Portland oanal* 

that is the Louisville and Portland canal round the falls 
or rapids at Louisville, These extend for about 3 miles, the 
total fall in that distance being in very low water 26 feet, 
in ordinary freshes 14 feet, and in high floods 2 feet. To 
tarn this formidable bar to traflic, a private Company con- 
structed, between the years 1825 and 1831, a canal on the 
south bank of the river with 3 locks of 8 feet lift each, 184 
feet long, and 50 feet wide. The United States Government 
having, in 1867, acquired most of the " stock" of the Com- 
pany, undertook the enlargement of the canal and the 
building of new locks. The work was delayed by dis- 
putes and litigation between the Directors of the original 
Company and the Government, but is now complete. It 
consists of a dam across the river at the head of the rapids, 

* "Visited 22nd, 23rd, 24th Maj, 1876.*' 
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a canal 2^ mile long and a "combined" lock of 2 chambers. 
The amount expended by the United States Government on 
those works has been 1,360,740 dollars. What was expended 
by the private Company I do not know. 

Dam. The dam is 3,300 feet long ; it is built of crib-work bolted 

down to the limestone rock, which here forms the bed of the 
river. The maximum height of the dam is 7 feet, its aver- 
age height between 4 and 5 feet, but a navigation opening 
of 600 feet in length, with sill 5 feet below crest of dam, is 
left opposite the natural deep channel on the north side of 
the river known as the " Indian Chute," to allow passage of 
boats during moderate freshes. As in very low stages of the 
river it is difficult to keep the water high enough in the 
canal whilst there is a free passage for the water through 
this opening, it is intended to close it by a movable dam 
which can be raised or lowered as may be required, the 
designs for this have not been decided on, but a Committee 
of Engineer officers has recommended a trial of the " Cha- 
noine wickets" in use under somewhat similar circumstances 
on several of the dams across the " Seine." A second navi- 
gation opening, 400 feet in length, is to be made opposite 
another natural channel in the river, called " Middle Chute." 

Canal The entrance to the canal is formed by a wing-dam, at 

the south end of the main dam, running up-stream some 
little distance, and down-stream gradually approaching the 
shore till at some i mile below the dam the true canal com- 
mences, where are situated "guard gates," 19 feet high, 
for use if at any time it be required to unwater the canal 
whilst the river is low, but the top of them is considerably 
lower than high flood level. The channel from these gates 
is 2 miles long ; it is on the average 86 feet wide with ver- 
tical masonry side walls ; much of the lower portion of the 
channel is excavated out of the solid limestone rock. The 
depth of water in the canal in low water is nominally 6 feet, 
but actually it is occasionally less ; in 1875 it was less than 
6 feet for 68 days and less than 4 feet for 23 days. 

^^^^' The lock, which is one of the biggest canal locks in the 

world, has two chambers, their combined lifts being 26 feet. 
They are each 372 feet long between the gate quoins and 
80 feet wide. They are founded on the solid rock which 
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had to be cut out to some depth for them. The side walls, 
30 feet high in upper and 27 feet high in the lower cham- 
ber, are 12 feet thick, vertical on both sides, built of lime- 
stone masonry in cement faced with sandstone ashlar, and 
backed up with thick dry stone walls. The head- bay is 120 
feet long, and at 82 feet above the entrance gates of the 
upper chamber are "guard gates" with tops above high 
floods, but not above the highest known. Between these 
" guard" and the upper chamber gates an iron swing-bridge 
crosses the head-bay at 47 feet above its floor. The middle 
sill is 10 feet higher than the lowest one and the upper sill 
is 14 feet higher than the middle one. The plans of this 
work, most kindly given me at the oflice of the Chief of 
Engineers, Washington, and sent herewith, clearly show the 
main details of the locks, and the photograph (see frontis- 
piece) will give an idea of the general appearance of the 
upper chamber. 

The gates are in height — " Guard" 46 feet 1 1 inches ; Upper Lock OatM. 
24a feet; Middle 31 feet; Lower 27 feet ; the length of each 
leaf is 47 feet 8 inches from heel to mitre. They are swung 
in a way which appears to have been an attempt at a com- 
promise between the system of suspension and of resting on 
rollers. They have at the bottom of the heel post the usual 
" acorn*' or pivot and socket, and the top of the heel post is 
clasped by a collar anchored back to the wall. At the toe 
of the gate is a roller resting and travelling on a rail laid on 
the floor of the lock. But it appears as if it was not in- 
tended that this should take the full weight of the droop of 
the gate, for suspension rods (one on each side of the gate) 
are carried up from near its toe to the top of a mast 27 feet 
high, where they are attached to a revolving cap kept direct- 
ly over the centre of revolution of the gate by a forward rake 
of the mast, which is held in position by iron guy 
rods attached to anchors in the masonry. The plans sent 
herewith will make these arrangements clear. This sus- 
pension gear is too light to take the whole sag of the 
gate, and appears to have been intended merely to relieve 
the roller and track of some of the weight, but of course this 
compromise is not possible in practice; the suspension rods 
break if the gate haugs on them, and are therefore worse 
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than useless, the gate settling down entirely on its roller. As 
the Ohio often carriesgreat quantities of silt, the tracks on 
which the gates travel are frequently covered with mud, and 
the working of the gates is thereby much obstructed. The 
difficulty of suspending gates of such great span as these is 
no doubt great, but that it might have been overcome is 
proved, I think, by the excellent way in which the " Henry" 
lock gates, nearly as large as these, are swung (see notes on 
the improvement of the Illinois river.) The opening and 
shutting of the gates is done by drag chains winding on 
drums in chambers in the walls and actuated from above by 
the spindle of a capstan worked by men, with long capstan 
bars. The filling and emptying of the chambers is done 
entirely through the gates, there being in each leaf 6 vents, 
3 feet X 2 J feet, closed by turning valves worked by rods 
from the top of the gates. The plans sent show the con- 
struction of the gates. 

Working of When I saw the lock worked, 24th May, 1876, the river 

was so high that there was no necessity to use the lower 
chamber as a lock, the water below and in it standing 15 
feet on the middle sill. The difference of level between 
this and the water above upper gates was 13^ feet. A 
large stern wheel steam-tug had brought down a tow of 8 
coal barges from Pittsburgh, and I saw her and 5 of the 
barges, which were all that could get into the lock together 
with her, locked through. Each of the barges, measured 
130 feet X 24 feet, was drawing 7^ feet and carrying 
11,000 bushels (25 bushels = 1 ton) or say 44jO tons of 
coal, so that in the lock at one time, besides the steamer, 
there were 2,220 tons of coal. The three boats left to come 
through in the second lockage were larger (one was 179 feet 
X 29 feet) and contained 2,300 tons, so in her tow the 
steamer had 4,520 tons of coal; this was not considered a 
large quantity, tows sometimes being two, three, four and 
even nearly five times as big as this one. The opening of 
the swing-bridge over the upper bay was done in 2^ mi- 
nutes by two men. It took 35 minutes to break up the tow 
and arrange the barges in the chamber ; such heavy masses 
with such frail casings, require very careful handling. The 
upper gates were closed in 6 minutes by 9 men working 
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hard at each leaf capstan. The emptying of the chamber 
took 9 minutes, and the opening of the middle gates was 
done with difficulty in 10 minutes by 10 men at each cap- 
stan. It is considered that under favorable circumstances 
the passage of the whole canal is done in two hours, of 
which one hour is occupied in the locks ; but frequently the 
clogging of the tracks makes the working of the gates take 
longer than that. On this subject of time of lockage I ap- 
pend remarks by Captain Alexander Mackenzie, Corps of 
Engineers, to whom I am indebted for great courtesy shown 
me when visiting these works which are under his charge : — 

TIME OP LOCKAGE. 

" Daring the past year records liaye been kept to determine the time 
occupied in lockages. It varies so with different stages of water, that 
only an average can be given. 

When the nsual force of men are employed and both chambers are used, 
a lockage will occupy ^bont an honr, or if the water is high and only one 
chamber is used, half an honr is sufficient. 

With an extra force of men the time through two chambers can be reduc- 
ed to forty-five minutes. The opening or closing of each gate occupies 
seven minutes, and the rest of the time is required for filling and emptying 
the chambers. 

When the canal is clear and only being used by steam-boats, the time of 
one lockage will give the means of computing the daily capacity of the 
locks ; but when the canal is being used by tows, there are so many delays 
entirely beyond the control of the superintendent that no computation can 
be made. 

On December 3 it took five hours and forty-five minutes to pass the 
steamer Sam Brown and sixteen boats, carrying about 10,700 tons of coal. 
But one lock-chamber was used, and, from the size of the boats, six lock- 
ages weri9 necessary. Not more than three hours were consumed in 
moving gates and filling and emptying chambers, so that two hours and 
three-quarters were required for moving the boats into and out of the 
locks. 

Frequently there are as many as four or five tows, with from fifteen to 
twenty boats each, waiting to pass down through the canal, and, at the 
same time, passenger-boats and upward-boimd tows are pressing their 
claims. Tows cannot pass each other except at the head or the foot of the 
canal, and ordinarily they can only pass steam-boats at one intermediate 
point. 

From the above it wiU be seen that with the best of management and 
perfection in the movements of boats, occasional delays are unavoidable. 

But the movement of boats is &r from perfection. Large tows have 
small and firequently a very insufficient set of hands ; it takes them a long 
time to arrange their boats and move through the canal, and often after 
reaching the locks no means are provided for removing the boats as they 
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are passed throngh. If it is foggy, or if there is much wind, ooal-boats 
cannot be moved, and mnst be held in the basin at the head of the locks. 
It thus happens that, at times, hours and even whole nights are lost, when 
it is very important that the boats should keep moving, clearing the way 
for those coming behind them. 

During the past year extra forces have been employed whenever a pres- 
sure of work demanded it, and the lock-hands have been on hand day axkd 
night, ready for any boat that wished to pass through the canaL" 

Si'*- After every flood there is a large deposit of silt in the 

canal which has to be removed by dredges. Captain Mac- 
kenzie reported that the high flood of 7th August, 1875, 
left in the locks 20,629 cubic yards, averaging 11 feet thick, 
and in the channel 24,000 cubic yards. 

e^^nsJiii The necessity for much dredging of course makes the 

187ff 

annual expense of the canal great ; in 1875 it amounted, 
including salaries of lock department, to 56,419 dollars, 

Baedpto, 1870. The total receipts in the same year were from tolls 
68,664 dollars and from all sources 70,175 dollars. 

Batei of Tolls. ipj^^ rates of tolls, with remarks, are given in the following 
excerpt from Captain Mackenzie's report, December 31st, 
1875 :- 

BATES OF TOLL, AND CHARGES FOB DBT DOCK. 

The rates of toll charged dnring the past year have been as follows : — 
Steam-boats, 10 cents per ton reg^tered nnder. tonnage. 
Model barges, 10 cents per ton registered nndeivtonnage. 
Goal-boats, flats, &c., 8 cents per ton, measnred capacity. 
Steam-boats of less than 50 tons and flats of less than 63 tons, |5. 
Bafts of logs, &c., measurement and rates the same as for ooal-boats, 

&o. 
Boats belonging to the United States, free. 
Use of dry dock, |75 per week. 

The aboye rates on steam-boats are the same as flxed by Congress May 
11, 1874 ; the rates on coal-boats were increased from 6 cents to 8 cents 
by the Secretary of War last Jannary, in order to make the rates more 
uniform. This small increase, which has hardly been felt, has increased 
the yearly receipts $16,297 '96. The custom-honse measurement is taken 
for all boats having registers, and the total tonnage of snch boats being 
abont donble their under-tonnage, the rate is, in reality, abont 6 cents per 
ton, carrying-capacity. Coal-boats, flat-boats, &c., are measured and their 
under-tonnage computed. This class of boats will carry about one and 
one-half times the amount indicated by their measured under-tonnage, so 
that the rate for their oanying-oapacity is about the same as for steam- 
boats and model barges. 
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Examples, 



Glass. 



Steamer Moantaineer 



Steamer Mary Alice. 
Model barge Mary.... 



Model barge, Mississippi Transportation Com. 
pany, No. 51 



Square barge, 130 by 24 by 7^ 



Total ton- 


Under-ton- 


nage or car- 
rying-capaci- 

ty. 


nage or ton-f 

nage charged 

for. 


585.66 


358.81 


559.56 


248.73 


706.60 


362.53 


1,012.30 


417.16 


480.00 


246.00 



At the present rate the toUs will amount to about ^ cent per bushel of 
coal, f cent per barrel of salt, and 6 cents per ton of iron ore. 

The following examples will show the great reduction in tolls under the 
Government management :— 



Glass. 


Kame. 


Under- 
tonnage. 


Charges 

under old 

management. 


Present 
charges. 


Steam-boat 

Do 


Thompson Dean 

Thps. Sherlock 

Rubicon 

130 by 25 by 7 

100 by 20 by 5 


996 
877 
390 
239 
105 


1498.00 

438.00 

195.00 

65.00 

60.00 


$99.60 
87.70 


Model barge 


39.00 


Square barge 

Produce-boat 


19.12 
8.40 



Under the former management a distinction was made between loaded 
and empty barges ; and I think such an arrangement of tolls would be 
more satisfactory than the present system of charging a uniform rate." 

During the year 1875 there passed through the canal Traffic through 
664 steam boats, and 2,216 tow boats and barges of the 
total registered or " custom-house" tonnage of 758,359 tons, 
but this is far below their carrying capacity (see extract 
above). Of the principal commodities carried on the Ohio 
river, the following quantities passed through the canal in 
1875 :— 

7,866,650 bushels of coal, 

60,000 barrels of salt, 
79,177 tons of iron. 

The whole quantity of coal which now passes down the Ohio 



* Under main deck, or " hold." 
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Xztraet from 

LouisTille 

Courier 

Journal, 

24-8-76. 



in a year is estimated at from 75 to 100 millions of bushels. 
The boats carryiDg this collect in great numbers, chiefly at 
Pittsburgh, during low stages of the river. They are fasten- 
ed together as rigidly as possible by chains and screw 
clamps into enormous tows, floating islands of 2 and 3 acres 
in extent, which powerful stem-wheel steamers push before 
them. They start when any fresh rises sufficiently to float 
them over the bars and generally reach Louisville (650 miles 
from Pittsburgh) in 5 or 6 days : there, if the water is high 
enough, they go right on down the river, but if it is too low 
for this the tow has to be broken up, taken through the 
cana], and re-formed — a troublesome operation. The follow- 
ing extract from the Louisville Courier Journal, March 24th, 
1876, given to me by Captain Mackenzie as correct in its 
statement of facts, will show how enormous are some of the 
tows managed by one steamer : — 

" The new tow boat " Joe B. Williams" has left with 22 boats and 7 barg- 
es of coal amounting in weight to 21,000 tons. This wonld be a load for 
2,000 rail-road cars, estimating 25 cars to the train it wonld require 80 
locomotives to move it, and each train being 800 feet in length, it wonld 
extend a distance on the rail-road track of more than 15 miles. This im- 
mense freight is carried by the ** Williams" at an expense of 2 cents per 
bushel which would amount to a little freight biU of 11,500 dollars. To 
transport it by rail 800 miles to New Orleans, at the lowest price of rail- 
road freight, say one cent per mile, the freight bill would be something 
more than 170,000 dollars." 
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The following notes and extracts will give an idea of the ^^^P'^^Sj?^ 
wonderful cheapness of carriage on the Ohio system of na- 
vigation. 

When I was at Pittsburgh the charges on transport to 
that place of a boat containing 770 tons of coal from 
Brownsville, a distance of 56 miles up the Monongahela and 
between dams 4 and 5, were — 

$ Cts. 

Steamer charge for towing 80 — 00 

Toll for passing steamer through locks 2 — 00 

„ 5, coal „ 59 — 75 

Total Dollars... 141— 75 

or 3*29 mills* per ton per mile ; this does not include interest 
on the cost (about 1,200 dollars) of the coal boat or the 
labor employed on it during the trip, which could scarcely 
bring the cost up to more than 3^ mills per ton per mile. 
On the Ohio below Pittsburgh the cost is of course much 
less — 

" The barges are brought down the Monongahela either singly or in Extract from 
pairs and are made np into large fleets of ten or more at Pittsburgh and ^Sos. P. ^' 
then taken in tow by large and much more powerful tow-boats. Calcula- Roberts, 
tion of cost of towing on the Ohio will generally show that it is no more 
than one (1) mill per ton per mile to Cincinnatti and less in proportion as 
the distance is greater, as to Louisville, Meenphis or New Orleans. In 
this is included the cost of returning the empty barges to Pittsburgh. 

" The cost of moving coal by river averages from » to |. of one mill per Statement of 

fori T>Pr milA Mf. R. Smith, 

ton per mile. of Cincinnatti. 

" From the Kanawha coal mines, to communicate by the Ohio river, the 
distance is 275 miles, and the charge per ton for coal transportation is 
60 cents j being at the rate of nearly 2 mills per ton per mile by river and 
1 1 '2 mills per ton per mile by rail, nearly six to one in favor of the river. 
The river rates include the cost of returning the boats to the coal mines. 

" From Pittsburgh to New Orleans via the Ohio and Mississippi rivers, 
2,400 miles, coal is transported during good stages of water for 1 dollar 
60 cents per ton or at the rate of f mill per ton per mile. This is done in 
barges and in very large quantities." 

On the lower Mississippi from St. Louis to New Orleans 
(1,250 miles) the actual expenses of a steamer with a tow 
of five laden barges (each 1,500 tons) were found to give 
1^ mill per ton per mile, inclusive of interest on cost of 
vessels. 

• 1 Mill = Jjj cent. = say -J^ penny. 



5* COST OF CARRIAGE. 

"actual expenses op transportation from saint LOUIS TO NEW 

ORLEANSS BT BARGES. 

pjjrc^lfof "''^^® Future City, tow-boat, and five barges of the Mississippi Valley 

vart 2 of Report Transportation Company : Actual expenses from Saint Louis to New Or- 
tion routes." leans, twelve hundred and fifty miles, (each barge is 1,500 tons capacity :) 

Cost of tow-boat, new this year S60,000 

Cost of barges, 015,000 each, new also. 75,000 

Interest on same at 7 per cent., six days $155*00 

Coal, 50 tons per day, at 82.50, six days 750*00 

Engineers, one S3 and one $5 per day, six days. 48*00 

Captain, at $5 per day, six days 30'00 

Men, ten, at $1.50 per day each, six days 90*00 

Pilots, two, at |5 per day each, six days 60*00 

Cook, at $1.50 per day, six days 9*00 

Board per man, each day, 16 cents, six days 48*00 

Oil, tallow, and waste, $2 per day, six days...... 12*00 

Maintenance six boats, $18.24 per day, six days. 109*44 

Total... 1,311*44 
Cost per ton moved 1,250 miles, 17.49 cents, inclusive of interest. 

* Cost per ton per ikiile, JL of mill. 

Cost per bushel of wheat, 1,250 miles, 5^ mills." 

• Query— 1* inclusive — or la mill exclusive of interest. — G. T. W. 



THE ERIE CANAL AND ITS 

BRANCHES. 

(Visited 18th-23rd June and 7fh-16th July, 1876.) 

The Great Appalachian range, or Allegheny mountains, introductory, 
extending from the State of Georgia on the gulf of Mexico 
to the river St. Lawrence, interposes a formidable barrier 
to traffic between the Atlantic sea-board and the Western 
States of North America. There is, however, in this handier 
one break through which flow the Hudson river and its 
tributary the Mohawk ; up the channel of the former river 
the tides of the Atlantic run for 145 miles, to Albany. From 
that place up the valley of the Mohawk and on to lakes 
Ontario and Erie there extends in nearly the most direct 
line, and right through the heart of the State of New York, 
a strip of easy country. Along this the Erie canal runs, 
from Albany to Buffalo on lake Erie, and to Oswego on lake 
Ontario, bringing by almost the shortest possible route the 
chain of the great lakes into direct communication with the 
sea, opening up a means of uninterrupted traffic by water 
from the very heart of the continent to the ocean, and pro- 
viding the vast grain-growing regions of the Western and 
North-western States with cheap carriage for their produce 
to New York. Though lying entirely within the bound- 
aries of one State and carried out by it without aty assist- 
ance from the National Government, the canal had not long 
been constructed before it became the most important line 
of artificial communication in the whole of the United 
States. From the time of its opening, in 1825, till about 
1850, it formed positively the only avenue by which, except 
at a prohibitory cost for transit, the markets and ports of the 
East could be reached by the products of the Western and 
North-western States, and to it almost entirely was due their 
wonderfully rapid development. Its effect upon those 
important States, and so upon the material prosperity of the 
United States generally, and its great commercial and finan- 
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cial results place this canal in the foremost rank of the 
engineering works not only of the country to which it 
belongs, but of the whole world. Its very importance, 
however, has proved injurious to it, drawing it into the 
whirlpool of American politics which, to say the least of it, 
does not conduce to steady progress, and its financial pros- 
perity came near, being its ruin, attracting to it swarms of 
dishonest speculators who organized conspiracies or " rings" 
for its robbery. They secured, by elaborate systems of 
fraud, extravagant payments for badly executed and even 
unexecuted work, and to increase their spoils they forced on, 
by political intrigues, the construction of useless branches 
which have burdened the parent canal with debt, and are 
now consuming its earnings. The present Governor of New 
York State, Mr. Tilden, takes the greatest interest in the 
canal and has in the last few years done much towards 
dragging it out of the slough into which it had sunk. He 
has broken up the "rings," he has exposed fraudulent 
contracts, and he is doing his best to introduce a new 
style of management: should he be successful and the 
reforms now begun be extended and rendered perma- 
nent there is a future before the canal greater even 
than its past, but should corruption be allowed again to 
gather round it and the present system be continued of con- 
trolling it by politicians and constantly changing its manage- 
ment both commercial and engineering, according to the 
caprices of popular election, the treatment which it could 
thrive in spite of when it was without rivals, will now most 
certainly reduce it to a mere burden to the State, and re- 
maining unimproved and unequal to the altered requirements 
of the day it will be deserted by the western grain traffic, 
for which prize many rivals under management of the most 
energetic, bold, and foreseeing character are now eagerly 
striving. 

Original con- The construction of the Erie canal was begfun in Julv, 

struction and ° •' ' 

enlargement. 1817, and its main line from Bufialo to Albany, 363 miles, 
was opened at the latter end of 1825. Its prism was 28 
feet at bottom, 40 feet at water surface and 4 feet deep. 
Its locks were 83 in number with a total lift of 675J 
feet, their dimensions 90 feet X 15 feet. The largest 
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boats navigating it were of 76 tons and the cost of 
carriage by them, exclusive of tolls, was ascertained to be 
one cent per ton per mile. The actual cost of construction 
was 7,143,789 dollars, nearly 50 per cent, in excess of the 
estimate (|4,926,738.) The traffic which crowded to the 
canal soon showed that its dimensions were too small, and, 
in 1835 its enlargement was ordered by the State to a size 
suitable for boats of 240 tons. During the following 27 
years this enlargement was carried out at an expense of 
32,008,851 dollars, about 35 per cent, in excess of the esti- 
mate ($23,402,863.) The prism was enlarged (except for a 
few short distances) to 42 feet at bottom, 70 feet at water 
surface, with a nominal depth of 7 feet, and the locks were 
made 110 feet X 18 feet, their number being reduced to 71 
" lift" and 2 " guard" locks with a total lockage of 654f feet 
The length of the line was shortened to 352 miles. These 
alterations enabled the boats to be increased in size to 98 
feet X 17^ feet, and in capacity to 240 tons with 6^ feet 
draught, reducing the cost of carriage from 1 cent to under 
5 mills (1 mill = yV cent) per ton per mile exclusive of tolls. 
Subsequently at a cost of 718,984 dollai-s all the lift locks 
have been " doubled," that is, have each had a second cham- 
ber built alongside the original one, and by the removal of 
" bench walls," or berms carrying revetment, the bottom 
width of the canal has, except in a few places, been increased 
to from 52 to 56 feet. 

The main line or " trunk" of the Erie canal starts from General des- 

criptioii of lino* 

the harbor of Buffalo at the east end of lake Erie (ordinary 
surface level 568.5 + tide water) just above the head of the 
Niagara river. It runs for 4J miles alongside that river, 
from which it is separated most of the way by an artiOcial 
wall, to Black Rock harbor, which was the original terminus 
of the canal« The average width of the channel for this 
distance varies from 80 to 140 feet. Through this the chief 
supply for 162 miles of the canal and that for large water- 
power mills at Black Bock have to pass, causing an incon- 
veniently rapid current ; it is therefore proposed to provide 
an entirely separate channel for the mills. I may here 
incidentally remark that the growth of mill rights in con- 
nection with navigable canals I have found in the United 
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States and Canada to be a constant source of difficulty in 
the management of those channels and of hindrance to their 
improvement. At *' Black Kock" is a " ship lock" (200 feet 
X 30 feet) for passing lake-going vessels from Niagara river 
into Black Eock harbor, through which harbor the canal 
runs, and which is therefore at the lake level (minus the 
slight fall in the canal), and generally from 3 to 5 feet above 
the river level at the place. At the end of this reach is a 
" guard lock," not shown on the profile, the drop of which 
varies from to about 3 feet, according to the lake level ; it 
is "double"* and between the chambers is a channel 50 feet 
wide, closed by a "bulk-head" with 16 cast-iron balance 
valves actuated by levers, for passing on supply water. 
From Black Rock for 8 miles to Tonawanda, a small port 
on the Niagara river, the canal continues parallel with and 
near to the river with a surface width of 90 feet and a depth 
of 8 feet. It then turns away from the river, and for 11a 
miles to Pendleton the Tonawanda creek is used, which 
gives a surface breadth of from 150 to 200 feet and a depth 
of 9 feet. From thence for 4 miles the canal is in deep 
earth cutting, and then enters a rock cutting of nearly 30 feet 
deep, through which it continues with 61 feet mean width 
(exclusive of tow-path — one — 14?' wide) for 2^ miles to 
Lockport. 

There, down a rocky gorge, is the greatest continuous lock- 
age on the canal, 55yf feet being overcome by 5 " combined" 
chambers, below which surface level is 512'51 + T. W. 
The canal here turns more to the east and runs nearly 
parallel to the south shore of lake Ontario, and at about 10 
miles from it, for 62 miles to Rochester (93 miles from Buf- 
falo, 259 miles from Albany) without any lockage, but with 
a bed fall of 2*12 feet and a surface fall (theoretical) of 
3*61 feet, the size of the prism diminishing gradually from 
89 feet mean width and 8^ feet depth to 62 feet M. W. and 
7 feet depth. At this place the Genesee river is, at 7 miles 
from its mouth on lake Ontario, crossed by a handsome 
stone aqueduct. Directly after passing the aqueduct the 
canal takes a very sharp curve and runs for a short distance 
along the east bank of the Genesee river ; it then makes a 

* " Double" in connection with this canal means with 2 chambers side 
by side — *' combined'' means with chambers joined end to end in flights. 
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heavy detour to the south to avoid the low ground of the 
Allen and Irondiquoit creeks, and in the next 49 miles 
descends 118 J feet by means of 14 locks to what is known 
as the " Montezuma Level," This extends, with water sur- 
face, 390-36 + T. W. to Port Byron, (158 miles from Buffalo, 
194 miles from Albany), and is Ihe last reach which re- 
ceives lake Erie water. It also receives surplus water 
from the two higher reaches east of it, and itself surpluses 
into the " Cayuga and Seneca branch canal" which leaves it 
at Montezuma (153 miles froip Buffalo, 199 miles from 
Albany) and runs south to the Cayuga, Seneca, and Crooked 
lakes. Just west of this canal the Seneca river is crossed 
by the " Richmond" aqueduct. At Port Byron there is a 
lock of 11 feet, and 9 miles further on another of 5^ feet, 
which Uft the water surface to 406*86 + T. W., at which 
level it continues for about 16 miles to near Geddes. From 
here to the eastern end (Albany) the general dimensions 
of the prism of the canal are 56 feet at bottom, 70 feet at 
water surface, depth 7 feet. Near Geddes the canal is drop- 
ped by a lock of 6ii feet to 400 + T. W., at which it con- 
tinues for 3 miles to Syracuse, (186 miles from Buffalo, 166 
miles from Albany), where it is again lifted 27 feet by 3 
locks at short intervals to what is known as the " Long" or 
"Rome Level." At Syracuse, just west of the three locks, 
the " Oswego branch canal" (38 miles long) comes in from 
lake Ontario and at its junction is a weigh-lock. The 
" liong" or " Rome Level" extends to J mile west of Utica, 
a distance of nearly 56 miles. Being a " summit" reach it 
can receive no water from the reaches on either side of it, 
and is supplied by 13 special feeders with a theoretical 
power of supply of 26,820 cubic feet per minute (see table 
of Feeders of the Canal) Inconvenience is, however, some- 
times felt in dry seasons from want of water, and heavy or 
prolonged winds blowing along this reach seriously affect 
the depth at its ends. In this reach, at 217 miles and 227 
miles from Buffalo respectively, the " Oneida Lake" and 
" Black River" branch canals come in. From the end of 
this reach to tide-water at Albany the descent is continuous 
down the valley of the Mohawk. Near Utica (242 miles 
from Buffalo, 110 miles from Albany), there is a lock drop- 
ping the surface 3 feet to 424 + T. W., and just below this 

I 
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lock the Chenango branch canal (97 miles long) comes in 
from the south. 

For the next 84 miles the canal runs near the south (right) 
bank of the Mohawk river to 4 miles east of Schenectady, 
dropping in the 84 miles by 23 locks at diflferent places to 
229*8 + T. W. It then crosses the river to its left (north) 
bank by. a composite (wood and stone) aqueduct known 
as the " Upper Mohawk Aqueduct." 250 yards above this 
structure the Mohawk river is ponded up by a dam of ma- 
sonry and timber 6.75' long-and 7' 6" high, and from this a 
feeder is taken off which runs alongside the. left bank of the 
river then under the canal by a masonry tunnel 25' span 
and then into the canal below the lower of 2 locks, of a 
total drop of 23 feet, which are situated just east of the 
aqueduct. The feeder is closed at its head by a double leaf 
balance beam lock gate, 25' span, in each leaf of which are 
3 large wickets worked by pinions engaging with iron racks 
fastened to wooden spiers, and it is also blocked at the en- 
trance to the tunnel by a ** bulk-head," in which are 5 
large vents* closed by shutters worked by screw gearing. 
The theoretic supply of this "Eexford Flat Feeder" is 10,797 
cubic feet per minute. For the next 12 miles the canal runs 
along the left bank of the river at the foot of steep hills 
with considerable rock cutting, or "benching," in places. 
In this distance the channel is separated from the river only 
by the tow-path bank, 14 feet wide at top, and at different 
points there are 4 locks (including the 2 last mentioned), 
the water surface dropping to 188*33 + T. W. The canal 
then re-crosses the river by a composite aqueduct, the largest 
on the canal, known as the Lower Mohawk Aqueduct. 
When going over this part of the line I could see nothing 
in the appearance of the country on the right (south) side 
of the river, which suggested the necessity for incurring the 
great expense, both in construction and maintenance, of twice 
crossing the river, and on making enquiries I could get no 
more satisfactory explanation than that it was done for 
** political reasons." After leaving this aqueduct the* canal 
continues on the same level for about 3 miles and then in 4 
miles descends the slate rock escarpment which faces the 
Hudson, 163-33 feet (to level 25 + T. W.,) by 16 locks of 
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the usual double description and short distances apai't. Just 
below the lower of these locks is the junction of the Cham- 
plain canal, by which water communication is established 
with lake Champlain and through it and the Richelieu 
river and canals, with the St. Lawrence, between Montreal 
and Quebec. Near the junction of this branch there is a 
weigh-lock. At rather more than a mile further on (east- 
wards) in West Troy (7 miles from Albany) is a channel 
known as the *' Upper Side-cut" communicating with the 
Hudson by means of two " double" locks, of 12 feet drop 
each, about 100 yards apart. Half a mile or so beyond this 
is another similar channel known as the " Lower Side-cut," 
with a " combined" lock of two chambers, not ** doubled," 
Further on there is a lock of 9^ feet drop, and at 352 
miles from lake Erie at Buffalo, the canal ends in " Albany 
Basin," into which it is dropped by a " combined" lock of 
two chambers of 15^ feet drop. The basin is formed by an 
embankment about i mile in length, a short distance out 
from the west shore of the Hudson river, wide openings 
being left at either end of the bank through which there is 
free communication between the basin and the river. This 
basin and its entrances require frequent dredging. 

The prism of the canal, as originally formed, was 28 feet Tlie Prism, 
at bottom, 40 feet at water surface, 4 feet depth of water : 
by the enlargement carried out between 1836 and 1862 
these dimensions were increased generally to 42 feet at 
bottom, 70 feet at surface of water, and 7 feet depth of 
water, (it is doubtful if it was all taken out honestly 
to this depth) the revetment to take the wash of waves 
being founded only 3 feet below the surface on a berm or 
bench from 2 to 3 feet wide, the slope from which down to 
bed of canal was 2 to 1. This arrangement was found to 
interfere so seriously with the progress of boats that the 
removal of these " wall benches," as they are called, was 
decided on and they have now been all removed, excepting 
for a distance of about 29 miles on the tow-path side and 
40 miles on the '* berme" side, bringing the canal to a width 
of from 52 to 56 feet at bottom and 70 feet at water surface. 
The nature of this alteration will be understood from the 
accompanying sheet of cross sections of the canal. 
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Tow-path. The canal has only one tow-path, the bank on the opposite 

side being known as the " berme-bank." The top of the 
former is 14 feet wide, of the latter 10 feet, and they are 
from 2 feet to 3 feet above water surface, the water slopes 
being pitched on a slope of from 1 to 1 to 1^ to 1, and the 
rear slopes being 2 to 1. 

Cuttings. The most extensive cuts on the line of canal are the one 

through the rocky ridge near Lockport, about 2J miles long 
and some 30 feet deep, and the one immediately west of this 
which is 4i miles long and nearly of the same depth, but 
through earth. 

Embanfanents. The heaviest /Mm^r is over the Cayuga marshes where the 
canal is carried on an embankment elevated entirely above 
the marsh, the average amount of earth- work being 142 
cubic yards per yard run. There is also a heavy piece of 
embankment '* 2,200 feet* long and 80 feet above the bed 
of the Irondiquoit creek, which is passed under the canal by 
a stone-arch culvert of 23' span and 324 feet in length." 

I'ocks. The total numbers of locks on the Erie canal (exclusive 

of branches) are 71 " lift" locks and 2 " guard" locks on 
the main trunk, 4 lift locks on the " side-cuts" at Troy and 
West Troy, and one " ship lock", 200' x 30' at Black Rock 
harbor. All these locks, except the last named one and the 
two in the lower side cut at Troy are " double,"f that is, 
have two parallel chambers, generally about 30' apart ; each 
of the chambers is 110' long between the quoins and 18' 
wide, and between them runs a culvert through which, 
when necessary, passes the feed water to the next lower 
reach. There is no communication between the chambers 
or between them and the culvert, and they are filled gene- 
rally through " wickets" in the gates and through culverts 
round them. 

All the locks are of masonry, generally of limestone rubble 
with ashlar facings. In almost all cases they are built on a 
timber platform with transverse rows of sheet piling about 
6' deep below the sills and at each end of the work. The 

• Extract from report of J. B. Fay, Esq., Division Engineer, for the 
year 1874. 

t Looks having chambers end to end in a " flight" are on this canal call- 
ed " combined locks.'* 
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upper sill is kept only about 6 inches below the true bed, 
but the floor of the upper bay is at the same level as that of 
the chamber ; a breast wall retains the bed of canal, and the 
space between it and the lift wall forms a '* mud pocket.' 
The clapping sills are invariably of timber framed as trusses 
abuttinor on shoulders in the side walls and bolted down to 
the lift walls. The gates are of wood and generally 
" framed," worked by balance beams, but in some few cases 
the upper gates are " tumble" or *' Heath gates," which will 
be noticed seperately. Under the arc travelled by the end of 
each balance beam is laid a rack (a plank with battens 
nailed across) into which a pawle near the end of the beam 
can be dropped to prevent the gate banging to. The anchor 
collars clasp the heel post without any intervening ring, and 
the friction therefore is great. The anchors generally have 
the ordinary wedges for tightening up, but sometimes have 
another arrangement which is simple and for small gates 
effective. On the gate end of each anchor strap is forged a 
loop through holes in which pass the ends of the collar strap 
terminating in screws with nuts. 

In some cases the top of the mitre posts of intermediate 
gates of combined locks clap against a timber strutted out 
from wooden foot bridges crossing the locks. 

The finest flight of combined looks is at Lockport ; it Is 
of 5 chambers with a total lift 55if '. The parallel rows of 
chambers are 35' apart. The masonry is of limestone, 
massive and handsome. The gates are ordinary-framed 
ones with balance beams and wickets in them, through 
which, as well as through culverts round them, the chambers 
are filled and emptied. Over the end of each chamber 
is a neat stone foot-bridge with iron railings and lamp 
post. The supply water is carried past these locks chiefiy 
by a slope raceway. 

I timed an ordinary canal boat and a steam tug in their 
passage through this fiight of locks — the former took 36J 
minutes, the latter 25 minutes, the difiference being due to 
the steamer moving directly each gate was opened by her 
own motive power without delay, whilst the boat was 
«* flushed" or " drawn" from chamber to chamber by slightly 
opening the wickets, a process requiring cautious move- 
ment. 
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^^in passing I visited many others of the locks on the canal, but there 
was nothing about their construction requiring separate 
notice ; as, however, about the time occupied passing boats 
through locks on our Indian canals much has been said, I 
will here give some of the notes of my observations on the 
subject on the Erie canal, and in order to make the subject 
compact, I will include with them those made on one of its 
principal branches, the " Champlain Canal," on which the 
locks are also 110' x 18'. I would premise that in most 
cases the lockmen seeing that I was timing, appeared to do 
their best to show their locks off to advantage, and that all 
my observations were by daylight and that the time requir- 
ed to pass boats during the night is on the average one- 
third longer than that required in the day : — 

Ko. 3 Lock (the lower of a series of 14 in 4 miles, be- 
tween West Troy and Lower Mohawk Aqueduct) lift 11 :^.' 
Upper gates open, loaded boat going east- A. m. 

wards commenced to enter 4-49^ 

Upper gates shut 4-51 

Boat lowered tUl deck came even with cop- 
ing, then all valves shut, two mules landed 
from boat and the two which had been 

towing taken on board 4-52 

Re-opened all the wickets (4) 4-53 

Commenced to open the lower gates 4-54^ 

Boat clear out 4-56 

Total operation, 6^ minutes. 

Same ZocA;— Upper gates being open. 

Boat commenced to enter 5 

Lower gates open 5-4| 



Lock 48 (with upper gates of " tumble" or 

'' Heath" pattern, lift lOi). 

h. m. 

Lightly laden boat going westwards entered. 11- 9^ 

Upper gates closed (actual closing did not 

take ^minute) 11-10^ 

Lower gate opening commenced 11-12|^ 

Boat clear out 11-15 

Complete operation, 5^ minutes* 
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Lock 49 — Lift 6' (gates ordinary pattern.) 

Lightly laden boat going westwards com- h. m. 

meneed to enter 10-42 

Upper gates closed 10-43^ 

Lower gates opened 10-46 

Boat clear out....... 10-49 

CoTnplete operation, 7 Tninutes. 

Lock II — on "Glens-Falls" feeder, Champlain Canal, 
upper gates "tumble," ("Heath") pattern, lift IT. 
Boat with 113 tons of coal coming upwards h. m. 

commenced to enter 8-5 

Lower gates shut 8- 8 

LockfuU : 8- 9| 

Gate opened in 30 seconds and boat clear out 8-13 
Total operation, 8 minutes. 

Flight of Locks (3 chambers) at north end of Champlain 

Canal, total Uft 28'.* 

h, m. 

Upper gates open, boat commenced to enter. 3-30 

Upper gates shut 3-32 

Second gates opened 3-35^ 

„ shut 3-39| 

Third gates opened 3-42 

„ „ shut 3-45 

Lower gates opened 3-47J- 

Boat clear out 3-50 

2'otal time, 20 minutes. 

The above observations would give about 6 minutes a 
lock, but it must be remembered that to arrive at the total 
eflfective capacity of a lock there must be added to the time 
actually occupied in passing a boat through it, the time 
which must elapse after the passing out of each boat before 
it is possible for another to take up its position in the en- 
trance to the lock. 

At a special trial with all preparations made for securing 
favorable results, 198 boats were, in 1848, passed through a 
single chamber in 24 hours, or one in 7i minutes. 

♦ (Note. — The two middle gates have not wickets in them as upper and 
lower ones have; water is taken round them only, by culvert with two vents.) 
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The largest number of lockages actually made in one 
season at double lock No. 26 (which has been described as 
" in the throat of the canal") was, in 1852, 42,967, and as 
that season was of 239 days duration the daily average was 
180. The largest monthly total at the same lock was, in 
October, 1847, 6,930, a daily average of 224. 

A lock of course delays. a boat not only by the time oc- 
cupied in actually passing it, but also by the loss of time in 
the reduced speed necessary on approaching and leaving the 
lock ; the loss caused by the last two items increases posi- 
tively with increased size and burden of boats and relatively 
with their increased average speed. The total delay now 
caused by each lock on the Erie canal is certainly on an 
average not much under 15 minutes or 17i hours on the 
whole trip from Buffalo to Albany, and this it is improba- 
ble will ever be reduced below 10 minutes to each lock or 
11| hours on the whole trip. 

Tumble gates. For upper gates of locks these have many advantages 
over the ordinary swing gates ; they are worked more easily 
and quickly, they cost less in construction and maintenance, 
and they are tighter. 

The accompanying plan (see No. 54 in Vol. of Plans) shows 
the details of one of these gates fitted to an Erie canal lock in 
which there had been formerly one of the ordinary double 
leaf swing gates. From this it will be seen that the tumble 
gate is in one piece across the full width^of the lock, its 
bottom is rounded on the lower side fitting accurately into 
a corresponding groove in a timber bolted down to the lift 
wall. At the ends of the bottom beam are metal journals 
working in bearings fixed in the recesses in the side walls, 
about which the gate can revolve. When up, it claps at its 
sides against two 'vertical side posts and when down it rests 
on the floor of the head-bay, (which has to be as much 
below the level of the sill as the thickness of the gate may 
require), either on the truss with which in some cases it is 
provided at its top or on special wooden studs. The gate 
is planked on each side of its frame and in the space be- 
tween the planking is so loaded, usually with stones, that 
when up against its clapping posts it has no tendency to 
fall away from them but being drawn forward till out of 
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the perpendicular a few degrees, it will sink to the bottom. 
To the front side of the top of the gate is attached a chain 
which passes down to and round a guide sheave fixed on 
the floor of the bay, clear of where the gate falls to, and 
then up to a drum actuated by a winch, round which drum 
it makes a turn and then passing along the side of the re- 
cess over guide wheels passes round another guide sheave 
and is attached to the back of the top of the gate. 

"When the lock is full, a few turns of the winch winding 
on the chain which passes through the front guide sheave 
drags the gate forward to the angle from which its own 
gi-avity takes it gently to the bottom, where it remains till 
the winch being turned the reverse way it is lifted. In 
practice I found that the vents for emptying the lock were 
generally commenced to be opened directly a boat had pass- 
ed out and the current thereby created closed the upper 
gate itself, so that the gate was worked with but little labor 
and attention by one man. 

In a few cases locksmen stated that they did not like 
these tumble gates because they frequently got out of order, 
but in all such cases I found on enquiring particulars that 
it was the valves or wickets, with which these gates were 
in all cases combined, and not the gates themselves, that 
were the sources of trouble. The style of those valves, 
closing vents on the floor of the upper bay through which 
water drops and passes into the chamber through the lift 
wall, will be seen from the drawing, and it is evident that 
the long rods with jointed elbow levers by which they are 
actuated are very liable to get out of order and the wickets 
themselves must often get jammed by drift. The universal 
use of these valves with the tumble gates is doubtless due 
to the desire to keep the depression into which the gate falls 
quit« clear of deposit, but the same result might in most 
case3 be obtained by vents in the side walls at, or slightly 
below, the floor level, and with such arrangements the supe- 
rioiity of the tumble gates at the upper ends of the Erie 
canal locks would be more marked than it now is. Whether 
such gates would be equally suitable on our Godavery and 
Kistna canals is doubtful, because on them boats are usually 
poled in and out of the locks, 

J 
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Aqueducts. The principal aqueducts over streams are — 

(1.) The Rochester aqueduct (visited 12-7-76) over the 
Genesee river at Rochester, 259 miles from Albany and 93 
from Buffalo. This is the largest masonry aqueduct on the 
whole canal. It is 820' in extreme length, and across the 
stream proper has 7 segmental arches of 52. span and 10' rise, 
and 3 smaller arches over mill races. The abutments and 
piers are only about 3' to 6' high from bed of stream which 
is of rock. It has a waterway, 43' wide with two side paths 
of 12' each, only one of which is used as a tow-path, and 
that is covered with planks and earth, the other path 
being on the coping stones of the side wall; both paths 
have iron railings on the outside. Through the face wall 
at the north-west corner pass four 2' iron pipes closed 
by valves worked by screws from the tow-path, through 
which water can be discharged into the river. The super- 
structure is of well-dressed limestone, and the whole work 
is said to have cost 600,000, dollars. 

(2.) The Richmond aqueduct over the Seneca river 
near Montezuma. This is what is known as a " composite" 
structure, being partly of wood and partly of stone. The 
length between ends of wings is 894^'. The tow-path with 
its parapets, in all 16 wide, is carried on 31 segmental arches 
of 22' span and 8' rise. The duct or " trunk" is a wooden 
trough 50' wide supported on prolongations of the piers (5' 
wide.) The foundations, which are said to cover 2 acres, are 
bearing piles on which the piers and abutments rest, with 
sheet piling all along the upper and lower faces of the work, 
and a planked flooring carried by joists resting on the piles. 
The whole cost of the structure, exclusive of approaches, was 
150,000 dollars. Plan* C in the book of plans accompanying 
the Annual Report of the State Engineer for 1859, which 
accompanies these notes, gives the details of this work. 

(3.) The upper Mohawk aqueduct (visited 20-6-76) over 
the Mohawk river, 26 miles from Albany. This is a " com- 
posite" stinicture of 14 arches of 38' span with a duct or 
" trunk" 607' long and 40' wide, similar in general construc- 
tion to the Richmond aqueduct, but the spans being greater 



* No. 35 in Vol. of Plans. 
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the sides of the *' trunk" had to be ** trussed" and supported 
by straining struts and beams. It is founded on rock. 

(4.) The Lower Mohawk aqueduct (visited 20-6-76), 14 
miles from Albany. This is the largest aqueduct on the 
canal. It is a " composite" structure, its tow-path being 
carried by 26 stone arches of 38' span and the wooden trunk 
being 1,130' long and 40' wide, similar in design to the last 
noticed one. It is founded on rock and cost 331,000 dollars. 

These composite aqueducts are handsome works viewed 
from the side on which the arches appear, but are the re- 
verse when looked at from the other side. The timber of the 
troughs being thoroughly wet on one side and only moist on 
the other from splashing and soaking, must rot quickly, as it 
bears every appearance of doing, and the maintenance of 
such ducts probably costs more than would the interest on 
the extra cost of masonry ones, I am told, however, that a 
wooden trough is less liable to injury when the water in it 
freezes than is a masonry one, and is for that reason prefer- 
red by many American Engineers. 

There are on the Erie canal, exclusive of its branches, 541 srid^. 
bridges, of which 190 are of iron, 1 of stone, and the rest 
of wood. The standard headway is 12 feet. There is only 
one tow-path under a bridge, the abutment on the other side 
being built in the Une of the toe of the *' berme" bank ; the 
span is, as a rule, 72 feet. The width of roadway is for 
**Farm Bridges" 12 feet; ordinary road bridges 16 feet; 
more important road bridges 19 feet ; street bridges, accord- 
ing to circumstances. The wooden bridges are almost in- 
variably queen-post trusses, of which plans* B and P in 
accompanying book of plans give details. Those for roads 
and streets now cost, as regards the wooden superstructure, 
about 850 dollars each. The life of these bridges, built 
as they are of soft wood, is considered to be only 8 years. 

The iron bridges are of many different styles and no par- 
ticular pattern has been adopted as a standard one, but I 
think, amongst practical men on the canal I found a prefer- 
ence for *' Whipple's patent arch truss," in which the arch 
is made up of castings about 12 feet long, easily handled 

* Nos. 34 and 41 in Vol. of Flans. 
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and put together. Of this simple and excellent bridge details 
will be found in plans* D and E in accompanying book of 
l)lans issued with Report of the State Engineer and Surveyor 
for 1859. The cost of the iron bridges (superstruc- 
tures) on the canal is about 2^ times that of the wooden 
ones, or about 30 dollars per foot run, A street bridge with 
side walks costs about 10,000 dollars. In some of the large 
towns, such as Syracuse, swing bridges are provided for the 
chief streets ; they are said to cost for working them " as 
much as the interest on 25,000 dollars." 

Supply of water. An adequate supply of water to the various reaches of 
the canal to take the place of that lost by evaporation, 
filtration, leakage, and lockage, is of course essential, and has 
been arranged for by feeders from lakes, rivers, and artificial 
reservoirs. From the following table, (see page 72), com- 
piled from oflScial documents, which shows all the feej^ers 
of the canal, it will be seen that by far the greater part of 
the supply is drawn from various natural lakes lying above 
the level of the canal, and from the Mohawk river near 
which the line runs for upwards of 100 miles. The works 
connected with the feeders from the witural lakes are not 
of special interest. From the rivers the supply is obtained 
by ponding them up by dams of stone and wood similar in 
character to that at " Kexford Flats," of which a section is 
given in the margin, at page 9«t 

ErieviUe Of the artificial reservoirs, the one at ErieviUe is one of 

the most interesting, and this I visited (11-7-76.) It 
is of no great size, only 340 acres in area, but it has 
the considerable average depth of 2\\ feet and the sup- 
ply is drawn ofl^ at a depth of 45 feet from the surface 
in a way not often adopted with such a considerable 
head, namely, by pipes running through the embankment, 
and closed at their outer ends at toe of the embankment ; for 
upwards of 25 years this inexpensive method has here been 
in use without failure. 

In the book of plans, &c., accompanying the report (I was 
not able to get hold of any copy of the report) of the State 
Engineer and Surveyor for 1859, which is sent with these 

* Nob. 36 and 37 in Vol. of Plans, 
t ** This refers to the MS. notes." 
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notes> will be found some details of the discharge pipe ar- 
rangements.* The pipes are 22 inches in diameter, set 12 
inches apart in a surrounding mass of concrete on a stone wall 

6' S'^ wide and 4 feet deep, which rests on a wooden floor or 
platform 7' 8^ wide. At the front — reservoir — end of these 
pipes is a chamber enclosed by a strainer grating. At their 
outer ends these pipes are turned down and discharged into 
a 10 feet diameter well, 10 feet deep, from which a 4-feet 
diameter circular culvert leads to the open channel along 
which the water flows to the Cazenovia lake and so to the 
canal, at 152 miles from Albany. The end of each of these 
pipes passes through an iron casing in which slides an iron 
door or valve lifted or forced down by a screw shaft work- 
ing through a revolving screw bos, or nut, turned by mul- 
tiplying rack and pinion gearing. 

The surplusing provision for the reservoir I found to 
consist of a waste weir with crest 10 feet below top of 
embankment and 30 feet in length, over which the water 
falls 3 feet into a chamber from which a culvert or tunnel 
with semi-circular arch 6' span, side walls 9'' high, passes 
through a natural spur to its rear slope, and from there a 
masonry lined raceway runs down to the channel from the 
discharge pipes. 



• " No. 48 in Vol. of Plans." 
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Eeie Canal. — Table of Supply of water and its sufficieney for Lockage. 






t;.9§ |s.2.a 



Lockport to Clyde... 



" Montozuma" Level. 



Port Bjron to Geddea 



LfLko Erio 

LakeEriH 

Oak Orclisrd Peei 
OcaoHee GEinal... 
Geneaeo Qiver. .. 



S apply pra 
5li,4.eO,00O 
a,U16,000 



Supply from roaciiea 

f OwBBCo Luke 

Putnam Creek 

9 Mile Creek 

■ Carpenter Brook. . 
SkajieatelBS Lake. 

Otisco Lake 

.Camillas Feedci;,... 



Supply from reaohea 
Bntternut Creek,.. 

Jamesille Bivor 

DeBnyter and Lira 

ErievilleReservoir 
Cbittioango Creek 
CaienoviaLake... 
OowaseloQ Creek.... 

OoBida Creek 

"Dolta" FeedEF.. 
Mohawk Feeder 

I Butt's Creek 

^Oriakany Creek,. 



238,000 
1,163,000 
288,000 



460,800 

2,ieo,ooo 

1,863,360 

16,943,040 
3,016,000 
6,192,000 



'Cbenaugo Caual... 

lUion Creek 

Mohawk Bivor {Li 

tin Falls) 

Maliawk{BK)Cky Eif t ) 
Schoharie Crsek ... 
Mohawk Riyer(Ro: 

ford Flats) 

„ Cohoes . 



lB,205,»i 
15,266.8f 
9,7B2,0( 



TO,SS9,200 31,630,000 



In column 8, 1 loekfnll taken oa naed by each boat. 

* Being a " annimit" level, 3 loekegee ue required for ettoh boat that paaaeB tbiongb it. 
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The navigable capacity of a canal is, of course, restricted Navigable capa- 
to the number of boats of the largest size plying on the 
canal, which can be passed through its locks in a given time. 

On the Erie canal, taking 300 as the number of lockages 
which can be made in 24 hours by each double lock (an 
average of 9^ minutes to each lockage) and 200 tons (the 
average for 1874 was 197 tons) as the load of each boat, 
then 60,000 tons is the daily, and 12,600,000 tons the yearly, 
capacity of the canal for a season of 210 days. (The great- 
est tonnage ever actually carried on the canal and all its 
branches in one year was 6,673,370 tons.) But the traffic to 
pass eastwards is greatly in excess of that going west- 
wards, and as boats must return, the effective tonnage pass- 
ed by each lockage is reduced to the mean between the two 
loads carried by boats on the ^' round trip." For the last 5 
years, the westward-going traffic has been only ^ of that 
going eastward, and were the latter to increase the former 
would probably not do so in the same ratio ; but assuming 
it to do so, then the 300 lockages a day would pass only 
7,875,000 tons both ways a season, and 6,300,000 tons may 
be taken as the ultimate capacity of the canal with its pre- 
sent locks for passing western produce to the markets of 
the east. This is more than double the greatest quantity 
(2,917,074 tons in 1862) hitherto delivered by the canal in 
one season at tide- water, exclusive of that brought to it by 
the Champlain canal which can pass to the Hudson without 
using any lock on the main canal. Regarded in this way 
merely as a question of actual capacity, the canal is large 
enough not only for its present duties but also for those 
likely to be imposed upon it for many years to come. But 
there are two other elements, intimately connected one with 
the other, on which the usefulness and prosperity of the 
canal depend — ^they are Tirne and Cost of transport. These, 
it seems probable, could be lessened by merely making the 
canal really of the full dimensions, especially in depth, 
which it now is only nominally , and this is what Governor 
Tilden considers to be all that is at present required to 
revive the drooping fortunes of the canal. He says, in one 
of his messages (dated 5th January, 1875,) to the Legislature 
of the State of New York. : — 

* * " The water-way was practically never excavated in every part to 
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its proper dimensions. Time, the action of the elements, and neglect of 
administration, all tend to fill it by deposits. I may be excnsed for re- 
peating here what I said in the Constitntional Convention eight years ago ; — 
* What the Erie canal wants is more water in the prism ; more water in 
the water-way.' A great deal of it is not much more than 6 feet, and boats 
drag along a little skin of water ; whereas it onght to have a body of water 
larger and deeper even than was intended in the original project. Bring 
it np to 7 feet — honest 7 feet— and on all the levels, wherever yon can, 
bottom it ont ; throw the excavation upon the banks ; increase the 7 feet 
toward 8 feet as yon can do so progressively and economically." 

He also says, in another part of the same message : — 

# # " The qnestion of altering the gates of the locks, or otherwise 
lengthening the chambers, may be safely deferred until we can be more 
sure of its utility. " 

That the action advocated by Mr. Tilden would lessen 
the time of transit, reduce the cost of carriage and increase 
to some extent the traflSc on the canal, is certain ; but unless 
the locks be also enlarged I doubt if it will be possible to 
successfully introduce steam as the motive power on the 
canal, and by steam alone can be effected the great saving 
in the time of transit which is necessary to enable the canal 
to hold its own against the competing railways. Some 
saving might be secured by expediting the lockage, but this 
could be but slight and immaterial. 

Time of passing The average time now taken by a fully-laden boat in 
^^ going from Buffalo to New York is 13 days, of which 11 

days are consumed on the canal, where the towing is done 
by animal power, and 2 days on the Hudson river where it 
is done by steam tugs, which take several boats in tow at 
one time. The average speed on the canal (352 miles from 
Buffalo to Albany) is therefore 1^ mile an hour. Taking 
the time due to the lockage as 11 hours, it stUl leaves the 
average speed on the reaches between the locks under 
IJ mile an hour. The delay in passing each lock, including 
the loss of time in slackening speed in approaching it, and 
in getting way on the boat on leaving it, could scarcely be 
reduced below 5 minutes, and such reduction would amount 
to only 5 hours or a little less than 2 per cent, on the whole 
time of transit on the canal. It is evident, therefore, that 
any improvement in speed to be of importance must be 
made on the level reaches where 98 per cent, of the time is 
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consumed ; and only by the substitution of steam for animal 
power does such an improvement seem possible. 

The State of New York, appreciating the importance of this stem on tht 
subject, its Legislature, in the Session of 1871, passed an Act 
which provided for — 

'' The payment of a reward of 100,000 dollars for the aocompliBhment of 
certain results, under the conditions therein stated, and which appointed 
a commission to supervise the experiments and trials, and to make such 
awards, under the Act, as the results attained might justify." 

A copy of that Act is given as an Appendix to these notes. 
The liberal offer of the State attracted public attention in 
several countries. In 1^7X9 one steamer was placed on the 
€anal for trial and in the season made two round trips 
between New York and Buffalo. She did not, however, ful- 
fil the conditions laid down. In the season of 1872, twelve 
steamers were placed on the canal: some soon proved 
failures leaving only 3 to compete. The general results at- 
tained by these steamers are thus summarised in the State 
Engineer's Report for 1874 : — 

" 1. The William Baxter.— This boat left West Troy, on her first trip 
west, on the 29th of Angnst. 1872, and ended her third ronnd trip at the 
same point on the 14ith of Noyember. 

Deducting detentions, and allowing ten honrs for lockages, per single 
trip, the average speeds and cargoes of the Baxter were as follows : — 



Trips. 



First trip west 

First trip east 

Second trip west 

Second trip east 

Third trip west 

Third trip east 

Mean speed. 



TonS; cargo. 



Ayerage speed. 
Miles an hour. 



102*25 


2-89 


201-60 


S-38 


11312 


3-41 


201- 


306 


114-5 


3-45 


201- 


4-48 




3-29 
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The general performance of the Port Byron, as to oargoea carried, and as 
to speeds attained, was as follows" : — 
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Trips. 


Cargoes, tons. 


Average speed. 
Miles an hour. 


First trin west 


1000 
200-2 
126-0 
200-2 
1170 
198-4 


2-59 


EHrst trio east 


2*05 


Second trin west.. 


2*53 


Second trin east 


2-58 


Third trio west 


3*45 


TViird trin Afl.Rt 


2*91 






Mean speed... 


' 


2*685 



As the power required to move 200 tons westward, 
against the current, at the rate of 3 miles an hour, is much 
greater than that required to do the same work eastward, 
in which direction is by far the greater movement of freight, 
the Committee, towards the end of the season of 1872, passed 
the following resolution : — 

" Resolved — That boats making the three ronnd trips from Buffalo or 
Oswego to the Hudson river and return, as heretofore required by the 
commission for the purpose of determining the rate of speed of said boats, 
will not be required to continue the trips to New York City, nor to carry 
more than 100 tons cf cargo going west, and that deductions from the 
time consumed in navigating the canals will be made for passing the 
locks equal to 20 hours for each trip from Buffalo and proportional allow- 
ance will be made if the trial is from Oswego." 

The time for competition also was extended for a year, 
and in the season of 1873, six steamers were brought to the 
notice of the Commission. The tables hereto attached are 
summaries of results of public trials between Syracuse and 
Utica (56 miles), from which trial, however, one of the 
steamers (the " City of New York" a " Baxter" steamer) 
was absent. 



78 



EBIE CANAI/. 



CO 

OO 






:5S 



o 



a 






I 



5- 






« 

^^' 
^ 



a 



CO 

go 

00 o 

5 ^ 



e 



CO 

O P4 



5 ^^^ 

( ^ 

» Pi 



QQ 



PL4 P 

CQ O 

a*" 



S 



Si 









S ISSSSSSSSSSSSS 



CO OiO V3 



:iH : tH iH tH 01 rH iH (N i-( (N iH iH 91 (N 01 C4 Cl 



O 

.9 O 
O p< 



• "* •00'* N t^Oi-»eoiH<OQO Op eoococoo 
rp :p"^OiTHiO'*cq'^<NoqpiHNCDcD«> 

•iH :e<l(»r-l(MrHr-400iHe<liHC4(NOOe<ie<100 




:0 

.'kO 


:OiOfH 
:aoiH o 


; W5 05 CO ^.t* : 
• O 03 O 00 QO • 


;8S i 


: ;05 


.(N 


.* fHOI N 


: 61 th e^ rH iH : 


.'d^cn 


: ivn 



.9 o 
o p< 

Ph 



iS 


•§8S 


■ (M ^ (M 03 iH : 


. (MO) . 


■ ;s 


: w 


;eii ooth 


: e<i r-t (N o (M : 


: (M ci : 


:c4 



o 



QQ 

02 



•^ :eoud0ooo3030> 

to .iH©a(MC<liHOrH 



iH :G<lM(N(MC4Cq(M 



N Ol CO 00 ^ '<T' 

e<i 04 (N (M (N e<i 



o 

Ph ^ 



as 

o o 



■^fl • CO CO <0 iH 00 "^ 

ud : oi CO t^ ** 00 lo 



Ci| Oil iH eq iH tH 09 



f-» qp 00 US CO 03 

''fl p Ol iH 00 00 
M 09 00 00 09 00 



:A :QOoo>oeqco •eo :qo :09u&^oiooi> 

loo •U3COU3kOi-4 :eO •i-f •030)Or-jrHrH 
l'^ roi09010909 roi *0« ItHtHOIOIO^OI 



o 

■^^ 

Ph ^ 



;^oooiu3oo :oo :iH :»st^»o»2co55 

• ^ .b«03 OO t>* • 00 • X^ • ^ O O ^ 00 00 



> 00 

: -^ : 09 09 ph o) o 



09 



tH •PHO900000000 




O 



.s*o 
P-i 



:090^COOi0103t>i-<»009^»COOCOOOt*rH 

.iH^poa)po)^QOt^ooaoaooOQoaDaood 

:e000O9e0O900O909O9OlOlO90«O9OIO9O9O9 



:o9C30i-<aoooooOiQt»M»eoaotsC>-*®'95 

• iH QOM <^ 09 OQt^t^p 01 '*^00-t>-'^09'^Oiaq 

• 0000iHe00q00OliH00O9e0e909O90000O900 



•SOUR 

mOJ} eOTI<B!fBIQ 



•-4r-ifHHHHO9O9^OO09^^kOkOk5 



o 

o 



I 









® 



O 

o 



^ o -9 ^ -^ 8 

t»H)H3^t4pH 




J 

o 

a 

I 

I'd 

I 

O 
02 



o 



O 

I 
I 

o 

O 



I 

o 
o 

l-H 

o 
o 

o 
a> 



CO 
00 

o 

•§ 
I 

M* 
H 
O 

{25 



EBIB CANAL. 



g n 



1 a 



ii 


■inao aad 


-. n W 

S g 3 


~ , 


seiira 'jo poedg 


S S S: £ K 




I 


■sqt 'Birai M J 


;2 K 3 s g 


■fiq[ "I^ioi 


i 1 1 1 1 


i 

I 


■jnoi) Jed seinn 


^ S J; E: K 




'BDJUJl Ol OUIOH 


s s a s s 




01 egnoTJi^s 


s s a S g 




■onoii jad 


S g S 3 g 






■auni aoinona 


a (D O <0 ^ 


* S g S g g 

« s s a s Si 




* 8 B S 3 S 

^- F> CO o n « 


■awoa 




» 2 5 3 S S 




» S s s ; 3 
=! s R g g a 


II 


iS g u 


s s 

^ 1 

1 1 




-MqUHlK 


-: ^ > 


* IS 



11 

1| 






80 ERIE CANAL. 

There were some further trials in which the "William 
Baxter" on a dark stormy night ran from Utica to St. 
Johnsville, 34 miles, with the following general results : — 

Average speed less all detentions Miles 3.26 

„ „ detentions in 12 Locks „ 3.03 

„ other than Locks „ 2.97 
„ including all detentions „ 2.77 

Total time occupied, 12 hours 16 minutes. 

Coal consumption per mile, 18.18 pounds. 

The Commission then reported, and in accordance with 
their recommendations the Legislature passed the follow- 
ing Act : — 

** Section 1. The Comptroller shall pay William Baxter, or his legal 
representatives, npon the presentation of the certificate of the State Engi- 
neer and Snryeyor, that the said William Baxter has placed dnring the 
season of navigation of eighteen hundred and seventy-four, npon the canals 
of this State,.seven steam boats fnlly equipped, and being in all respects 
eqaal in power and capacity to the steam canal boat " City of New York," 
to fulfil the requirements and conditions of chapter eight hundred and 
sixty-eight of the Laws of eighteen hundred and seventy-one, the sum of 
thirty-five thousand dollars. And the Comptroller shall in like manner, 
upon the certificate of the State Engineer and Surveyor, pay to David P. 
Dobbins, or his legal representatives, whenever he shaU, within the season 
of navigation of eighteen hundred and seventy.f our, have placed upon the 
canals of this State, three steam-boats, each ftilly equipped, and being in 
all respects fully equal in power and capacity to fulfil the requirements 
and conditions of chapter eight hundred and sixty-eight of the Laws of 
eighteen hundred and seventy-one, to the steam canal boat " William New- 
man," the sum of fifteen thousand dollars. 

" And the Comptroller shall in like manner, upon the certificate of the 
State Engineer and Surveyor, pay to Theodore Davis, or his legal repre- 
sentatives, whenever he shall, within the season of navigation of eighteen 
hundred and seventy-four, have placed upon the canals of the State, one 
steam-boat, fully equipped, and being in all respects fnlly equal in power 
and capacity to fulfil the requirements and conditions of chapter eight 
hundred and sixty-eight of the Laws of eighteen hundred and seventy-one, 
to the steam canal boat ** Central City," the sum of five thousand dollars* 

Section 2. This Act shall take effect immediately." 

The conditions of this Act having been complied with, the 
payments authorized in it were made. 

The ownership of the steamers placed on the canal by 
William Baxter and David P. Dobbins passed into the 
hands of the "Baxter Steam Canal Boat Transportation 
Company," whose operations during the season of 1874 
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gave such promise of success that the State Engineer, in his 
report for that year, says : — 

** The Baxter boats have demonstrated, beyond reasonable doubt, their 
ability to not only eqnal, but to exceed, the Estimates of the Engineer of 
the Commission, both as to speed (3 miles an hour) and as to economy 
of movement/' 

There is no report later than the one just quoted from, 
and I have, therefore, been unable to ascertain what the 
steamers did in the season of 1875; but I regret to state 
that the belief, that financially successful steam navigation 
of the Erie canal had been secured, has proved delusive, for 
at the time of my visit (June and July, 1876), I could find 
only one steam-boat running on the canal, and I was in- 
formed that the Baxter Company had lost money by their 
boats and had ceased to exist. The truth is, I believe, that 
the canal is too shallow for the successful working on it of 
boats carrying cargo and their own motive machinery, and 
the system of towing strings of barges by powerful tugs 
which obtains so largely on the rivers cannot be introduced 
on the canal whilst the locks are only big enough to pass 
one boat of a tow at a time, because the lockage delay of 
each boat would be increased by the time occupied in pass- 
ing all the others, and that would be increased by the neces- 
sity of "shifting" (emptying or filling) the lock between 
the passing of each successive boat. 

A description of the " Baxter" tug taken from the report Deicrijtioii of 
of the Engineer of the Commission, dated 18th Feb., 1873, 
here follows ;— • 

The " Baxter" was desigpied and built expressly to compete for the 
reward offered by the State, and is, therefore, a purely experimental boat, 
entirely unlike the ordinary Erie canal boat. She was built during the 
spring and summer of 1872, at Fishkill-on-the-Hudson, by Samuel Sneden, 
Esq., an experienced shii>-builder of New York, from a model designed by 
William Baxter, Esq., of Newark, N. J., whose name she bears. 

Her dimensions and weight are as follows : Length 96 feet 2 inches ; 
bPeadth 17 feet ; depth of hold 9 feet ; weight, including machinery and 

water in the boiler, 57 "Ay *<>^s. 

In model, the "Baxter" resembles the "log-bilge" boats of the New 
Jersey and Pennsylvania canals, being, however, somewhat sharper than 
those boats. Her bottom is perfectly flat, and her sides, stem and stem 
are vertical ; so that she has a uniform horizontal section from her bottom 
up to 6i feet draft. Above this, the sides are carried out, forming an 
overhang at the stem, for the protection of the screw and to give deck 
room. 
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The form and dimeiiBions of the immersed portion of the BaKtei^a hull 
are the same at bow and stem ; so that, if a line be drawn athwart the 
plan, at right angles to the keel, and mid- way between the stem and the 
stern-post, such line wonld divide the plan into two eqnal and symmetrical 
parts. The sides converge from points distant twenty feet from both 
stem and stem, on curves of thirty feet radii. The area of the Baxter's 
bottom is 1,408.078 square feet. Her displacement, when drawing six 
feet of water, is therefore 8,048.468 cubic feet, or 264.015 tons, and her 
carrying capacity 206.815 tons. With a cargo of 200 tons^ she should 
draw 5 feet 10 inches of water,* These results are deduced from the 
dimensions of the Baztw's plans. It is, however, stated that, as a matter 
of fact, when carrying 201 tons she draws only 5 feet 8i inches of water. 

The machineiy, which was built by the Fishkill Landing Machine Com. 
pany, consist of a Baxter upright cylindrical boiler and a pair of Baxter 
componnd condensing engines; these, together with the coal-bunker, 
engineers* berths and water-closet^ oocui^ a space of 14 feet in length, at 
the stem. 

The boiler is about 7 feet high and has an external diameter of 46| 
inches ; the fire-grate is 27 inches in diameter, and the combustion cham- 
ber about 2 feet high ; from the upper portion of the latter, which is 
somewhat larger than the firegrate, the products of combustion descend 
through 34 two-inch tubes 18^ inches long, after which they enter and 
ascend through an annular space about 8i inches wide, to the smoke pipe, 
whence they escape into the air. Outside of the annular space just refer- 
red to is a second annular space | of an inch wide, through which the 
steam passes and is reheated on its way from the high to the low pressure 
<^linder. 

The boiler was originally covered with felt, and thoroughly lagg^ with 
wood, but as the latter was found to be liable to take fire from the exces- 
sive heat to which it was exposed, it was removed, and the " salamander*' 
felt substituted in its place. By this means, the loss of heat by radiation 
from the boiler, from which all the other boilers have suffered more or less 
was effectually prevented. Altogether, the Baxter's boiler is remarkably 
economical for a power suited to its capacity. But it is too small for the 
duty required of it, and it has been found necessary to keep the small 
blower (a part of the original desig[n) constantly running, in order to 

make the necessary amount of steam. The speed at which this blower 

which was driven by a belt from one of the screw shafts — ^had to be run, 
in order to produce the desired result, was such that, especially at night, 
a stream of flame was seen frequently issuing from the top of the smoke 
pipe. In consequence of this loss of heat, the efllciency of the boiler was 
of course seriously impaired. The areas of the grate and heating surfaces 
are 4, and 160 square feet, respectively. 

The cylinders, which are vertical, are attached to either side of the 
boiler, and are jacketed; the jackets being connected to the boiler by 
pipes at top and bottom, so as to insure a constant supply of live steam 
to the outside, as well as to the inside of the cylinders. The high and low 
pressure cylinders are 7 and 12 inches in diameter, respectively, and the 

♦ Six inches immersion of the oyerhanging stem is not included. 
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stroko of the piston is 12 inches ; the admission of steam to both is sup- 
pressed at three-foorths the stroke, by lap npon the slide valves, which are 
worked bj the ordinary link motion. 

The condenseri which is exceedingly cheap and simple, as well as moder- 
ately eflSciont, consists simply of an extension of the exhaust from tho 
low pressure cylinder through the side of the boat, where it connects with 
a three-inch iron pipe which passes around the stem and enters upon tho 
opposite side, where a small air pump is located, and operated by a crank 
attached to the inboard end of the starboard shaft. The condensation is 
effected by the action of the water in tho canal upon the exterior surface 
of the pipe outside the boat. The vacuum which is obtained by this means 
varies from 12 to 22 inches, depending upon tho temperature of the water 
quantity of steam used, etc. The water of condensation is, of course, 
returned directly to the boiler, and the necessity of supplying it from the 
muddy water of the canal entirely obviated. In the case of the ** Baxter" 
tho loss ft*om leakage was a little more than replaced by a trifling leak in 
a joint of tho condenser pipe, outside the boat, tlirough which a very small 
quantity of water was forced inward by the excess of external pressure. 
This is an important feature of the Baxter plan, as by it the accumulation 
of mud in the boiler is almost, and may be, wholly prevented. 

The Baxter is propelled by two three-bladed true screws, 4^ feet in 
diameter and 4 feet pitch, placed on each side of the stem, and revolving 
toward each other at the bottom ; uniform motion of the two being 
secured by a cross-shaft and mitre wheels. The disc area of the two 
screws is l^-j'^ square feet, or 14 per cent, of the immersed midship sec- 
tion when the boat is loaded. 

Tho reversing lever, throttle valve and steam whistle are all so arranged 
as to be within easy reach of the steersman, and the steam and vacuum 
gauges are so disposed as to be easily seen from tho wheol, so that a 
single person may perform the duties of steersman and engineer at the 
same time ; the fireman being thus free to give his whole attention and 
time to tho fire, and to keeping the engines properly oiled." 

The " Belgian" or " Cable" system of steam-towing has Belgian sys- 
also received a trial on this caifaJ, a Company called the towing. 
" New York Steam Cable Company" having laid a cable 
from Buffalo to Lockport (31 miles), and for two or three 
years kept two tugs working on it. A trial of one of these 
tugs is thus described in a report of Mr. B. M. Greene, dated 
17th Feb,, 1874:— 

"At 10 A. M., the " Caleb*' loft Lockport light and reached Pendleton, 
7 miles, at 11-45 A. M. The average speed between these points was, there- 
fore, 5.26 miles per hour. At 12-30 p. m., 4501bs. of coal had been used in 
running about 11 miles. At this time a boat carrying 100 tons was taken 
in tow and Tonawanda was reached at 3-10 p. m. j the Caleb having made 
an average of 3.46 miles per hour, including detentions, with a consump. 
tion of lbs. 800 of coal in a distance of 19 miles. Tho last 8 miles was 
made in 2 hours 40 minutes with one boat in tow and with a consumption 
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of lbs. 360 of coal. Here we have a speed of 3 miles per hour, with a coal 
consumption of lbs. 43f per mile. At Tonawanda four 200 ton boats were 
added to the tow which then consistod of 5 boats carrying 875 tons of 
cargo. The tow left Tonawanda at 3-45 p, m., and reached Black Kock, 
8 miles distant, at 7-20 p. v. The average speed between Tonawanda and 
Black Bock was, therefore, 2,23 miles per hour. The coal consumption be- 
I I tween the same points was lbs. 1,100, or 137.51bs. per mile, equivalent to 

i \ 27,51bs per mile for each boat exclusive of the tug." 

i : 

In the same report Mr. Greene gives the following des- 
cription of the tugs : — 

Description of " These tugs are fitted up as propellers, with the ordinary engine, having 
a cylinder 13 X 13', and a screw 4 J feet in diameter at the stem ; besides 
which there are placed, near the centre of the tug, the boiler and the tow- 
ing machinery proper. This towing machinery consists of two engines, 
which, upon the tug "M. M. Caleb," are 10 inches in diameter by 12 
inches stroke of piston. These are connected at right angles, and upon 
the main shaft there is provided a gear-wheel, which admits of being so 
adjusted to a train of wheels that the motion of the engine may be reduc- 
ed, either in the ratio of 3 to 1 or of 6 to 1, as may be required by the 
varying duty of the tug. 

For heavy tows and low speeds, the ratio of 3 to 1 is employed ; while 
for light tows and higher rates of speed, the ratio of 6 to 1 is employed. 

Upon one side of the tug are placed, at bow and stern, guide pulleys, 
about 16 inches in diameter, the frames of which admit of free motion in 
all directions laterally. The cable, after passing over the pulley at the 
bow, passes under a tightening pulley about 6 feet in diameter ; thence it 
passes over the " clip-drum," which is 6 feet in diameter, and placed near- 
ly amidships ; thence under a second tightening pulley, similar to the first, 
and finally over the guide pulley at the stem. 

The " clip»drum" is provided with, and takes its name from, a series of 
clips about its entire circumference, which are so arranged that the cable, 
as it reaches the drum, is seized and held firmly until it is about to pass 
off upon the opposite side, when it is promptly released. 

The boiler of the Caleb is horizontal, returii tubular, about 5 feet in 
diameter and 11 feet long. The fire grate is 4 feet 6 inches wide, and 5 
feet 3 inches long, containing 23*63 square feet. The tubes are 34 in 
number, 2f inches iji diameter, and 4 feet long. The return tubes are 44 
in number, 2f inches in diameter, and 10 feet long." 

The economical application of power by this system is 
undoubted, but there are great practical difficulties in work,, 
ing it where there are many locks, and the loss of time that 
would be caused at each of the present sized locks by the 
detention of whole tows, whilst all the boats composing it 
passed separately, is in itself enough to prevent the success 
of any tug service- The system, therefore, has never been 
extended beyond the Lockport locks, and when I was there 
only one of the tugs was on the canal, and that one, I was 
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informed, only occasionally found employment and scarcely 
paid working expenseis. 

The boats now in use on the canal are all flat-bottomed Boats, 
and generally of the cross section shown in attached sketch. 
The average measured tonnage of the great majority of them 
is bewteen 200 tons and 240 tons, and the actual cargoes 
carried by all boats averaged, in 1873, 213 tons and in 1874, 
197 tons. They are towed by horses or mules, generally by 
two, which are mostly hired, but sometimes belong to the 
boatmen, in which cases four animals are kept, two getting 
their food and rest on board, whilst the other two are track- 
ing, changes being made at locks or other convenient places. 
The number of boats plying regularly on the canal is between 
6,000 and 7,000, and they are said to give employment direct- 
ly to about 30,000 persons, and indirectly to 20,000 others. 

The total cost of the construction of the Erie canal (exclu- Cost of con- 
sive of branches) to end of 1874 was 49,058,865 dollars. 

The tolls of the canal (exclusive of branches) were, in income from 
1826, 68,976 dollars and they increased year by year till, 
in 1862, they reached 4,792,535 dollars, since which they 
have gradually declined till, in 1874, they were 2,377,762 
dollars. 

The total cost of maintenance and total receipts to date I Cost of main- 

^ _ ^ tenance. 

am not aware of, but to close of the fiscal year 1866, they 

stood thus : — 

Dollars, 
Total expenditure for construction, Expenditure. 

maintenance and repairs, together 

with interest ... ...140,430,953 

Receipts from tolls, with interest ... 181,828,604 IReceipts. 

Net profit from Erie canal, exclusive Profits, 

of branches, ... ... 41,397,651 

The profit, therefore, to that date had amounted to nearly 
30 per cent., and this notwithstanding the fraud and pecula- 
tion which have added millions of dollars to the proper cost 
of the canal. 

The abuses which have enveloped the canal do not form Abuses from 
a pleasant subject to dwell on, but without some notice of canal has suf- 
them ho adequate idea can be arrived at of the inherent 
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value and the vitality of the work which has in spite of 
them not only lived, but has proved a great financial success. 
For this reason I give the foUowing extracts from a letter, 
dated 19th March, 1875, from Governor Tildento the Legis- 
ture of New York State. They contain a few samples of the 
system of fraud by which for years the direct robbery of the 
canal has been effected : — 

JBztract. " The constitntion of the State provides that " all contracts for work 

or materials on any canal shall be made with the person who shall offer 
to do or provide the same at the lowest price, with adequate security for 
their performance," This requirement was intended to protect the State 
from extravagant contracts; but by artful bids, and in some cases by 
fraudulent combinations, it is made an instrument to defeat the very end 
had in view by its authors. I have examined more than one hundred con- 
tracts, and I find that most are so contrived that not only does the State 
in the end pay from two to four times the amount of the contract, but 
that the work is not given to the lowest bidder in fact, although it may be 

in form. This result is brought about by the following contrivance : 
* * * , * * * 

When the Engineer's estimate of quantities and kinds of material are 
published by the Commissioners, the contractor will find out by collusion, 
or in some other way, what quantities of each kind of work or matevial 
will, in fact, be required, or he will see what influence he can exert to 
change the contract after it is made. If it is changed, no new letting is 
had, but he claims the job as his right. 

He then puts in his bid, offering to do such work or to furnish such 
material as he finds will not be required at all, or in small quantities, at 
absurdly low prices, at a quarter or, in some cases, at a twentieth part of 
its cost. The items which will be required in full, and probably in extra 
quantities, he will put at unreasonably high rates, and it turns out that 
what the contractor offers at low prices, is called for in small quantities, 
if at all, while those which are put at high prices are not only required in 
full, but in most oases in extraordinary quantities. 

An example will more clearly illustrate how the State is defrauded by 
these devices. 

The Engineer having estimated certain work and materials as follows : 

100 cubic yards of vertical wall at $ 3 $ 300—00 

3,866 „ • slope waU at $ 1-50 6,782—50 

2,400 feet B. M. white oak, at $ 50 120—00 

60,000 „ hemlock, at $ 15 900—00 

Total estimate $ 7,102—50 

A's bid for the job at these rates amounted to 7,102—50 

B's bid for the same wa«, for 

100 cubic yards vertical wall, at $ 6 $ 600—00 

3,855 „ slope wall at 30 cents 1,156 — 50 

2,400 feet B. M. white oak, at $ 70 168—00 

62,000 „ hemlock, at $ 180—00 

and aggregated. 2,104—60 



^ 
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The proposal of B., apparently so advantageous ' to the State, was 
accepted, and the contract awarded to him as the " lowest bidder." But 
afterwards, by some influence, it was decided to make only vertical and 
no slope wall, and to use only oak and no hemlock timber. There was no 
re-letting, although the agreement had been in fact revamped into a new 
and different contract, which enabled B. to collect from the State for 

3,966 cubic yards of vertical wall, at $ 6 $ 23,730—00 

62,400 feet B. M. white oak, at $ 70 4,368—00 



the sum of. $ 28,098—00 



fii 



It will be seen that in such transactions — and they are numerous — in 
violation of the constitution, the contractor gets the work without there 
having been in fact any public letting, or any chance for competition by 
others. 

For the purpose of showing actual results of the system, I state the 
following ten cases, which give the amount the State has paid on certain 
contracts in comparison with the sum for which the contractor agreed to 
do the work at the lettings made by the Commissioners : — 

Amount of contract upon Amount actually paid 

exhibited quantities at by the State up to 

contra>ct price. February 1st, 1876. 

Contract No. 1 $ 74,183—40 $ 458,114—72 

2 29,431—00 66,845—68 

3 87,871—00 110,320—13 

„ 4 10,617—00 49,936—30 

„ 5 14,397—00 78,967—20 

6 86,562—50 220,614—68 

7 31,286—00 130,217—46 

8 86,684—00 222,610—68 

9 9,504—00 41,127—55 

10 45,300—00 191,915—55 



a 
if 
» 



$ 424,735-90 $ 1,560,769-84 



These show that the State has already paid nearly four times the amount 
which was involved by the terms of the contracts, and though the excess 
amounts to more than a million of dollars, some of the expenditures are 
still going on with no prospect of completion. It also appears that of 
the expenditures of $ 424,736, less than ird was submitted to a public let- 
ting." 

Notwithstanding all the millions of dollars thus fraudu- 
lently added to its cost, the Erie canal itself has been, as 
shown above, a great financial success and commercially its 
value has been, and still is, enormous. With reference to 
this it has been said, with perhaps slight exaggeration * 
'^ The financial results of the Erie canal, are however, 
of small moment in comparison with its commercial 
results, the grandest of any material enterprise of modem 

* Extract from Report of ** Select Committee on Transportation." 
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times. Connecting the ocean with the great lakes which 
interlace the heart of the continent, it developed the possi- 
bilities of the most productive area on the face of the globe, 
the value of merchandize transported on the canals to the 
end of the year 1 872 having amounted to the enormous sum 
of 6,065,060,698 dollars." 

The total traffic on the Erie canal and its branches from 
1837 to 1874 is shown in the following table taken from the 
Report of the State Auditor for the year 1874 : — 
STATEMENT o/(hfl to 



YEAH. 


Erio. 


Cliamplain 


Oawego. 


OthPi- 


Total long. 




667,151 
744,848 
846,007 
820,960 
906,442 
712,310 
818,216 
945,944 
1,038,700 
1,364,408 
1,661,575 

i,gee,9<;5 

1,622,444 
1,636,089 
1,955,365 
2,129,334 
2,196,308 
2,234,008 
2,202,463 
2,107,678 
1,666,624 
1,767,004 
1,763,954 
2,253,533 
2,600,782 
8,204,377 

3,666,302 

2,535,792 
2,623,490 
2,806,027 
2,020,578 
3,346,936 
2,846,073 
3,083,132 
3,580,923 
3,663,560 
3,602,626 
3,097,122 


261,650 

266,553 

263,552 

245,320 

276.418 

230,344 

262.212 

269,546 

266,922 

280,480 

313,121 

293,889 

321,315 

4«O,210 

513,793 

631,001 

60^,364 

602,913 

637,103 

611,610 

547,236 

608,918 

761,046 

881,167 

545,930 

647,318 

878,920 

846,790 

815,311 

1,001,403 

1,047,440 

1,120,585 

1,060,334 

1,143,719 

1,090,995 

1,449,528 

1,105,390 

1,268.292 


161,358 
222,697 

221,014 
219,627 
135,639 
129,493 
240,571 
326,607 
340,481 
351,511 
441,096 
480,147 
557,637 
583,346 
676,331 
648,191 
781,276 
611,533 
654,399 
667,381 
605,218 
688,960 
612,390 

1,080,076 
852,920 

1,063,413 
993,173 
765,097 
826,640 
990,809 
040,138 
958,444 
934,638 
017,728 
941,863 
833,490 
655,538 
665,408 


81,133 
98,913 
106,140 
121,230 
203,112 
164,279 
191,440 
374,489 
331,462 
372,263 
4£4,01S 
412,239 
393,306 
397,963 
437,364 
618.915 
681,915 
727,408 
628,647 
739,413 
634,983 
600,370 
664,294 
636,448 
608,003 
683,777 
731,297 
705,263 
666,204 
906,801 
780,177 
1,016,210 
1,020,036 
1,039,190 
946,113 
828,792 
911,279 
773,766 








1839... 




1840 








1S42,.. 












1B46. 




1846 


2,268,663 


1848 

1849 


2,796,230 












3,863,441 
4,247,853 
4^166,862 






18S5 




4,116,082 
3,344,061 


1857. 






3,781,684 


1860 . . 




4,507,635 
5,598,785 
6,567,692 
4,852,041 
4,720,654 
5,705,230 
















6,443,225 














8,673,370 
6,264,782 
5,804,588 


1873 





The following table (from report of the State Auditor) 
gives the deliveries at tide-water from the Erie canal, ex- 



ERIE CAHAL. 



89 



elusive of what came over the Cbamplain canal, from 1837 to 

1874:— 

TOTAL TOlfSofeaeh class of articles that came to the Hudaon river from the Erie 
cti/nal,from 1837 to 1874, both tneiuMiie, exclative of the Champlain canai. 



YEAE3. 


I'rodQcta 
of the 
foreflt. 


Aericnl- 
tura. 


Mannfoo- 


cban 

dlSB 


Other 
articles. 


Total. 




181,64S 
198,9(iJ 
185,723 
140,581 
237,520 
156,691 
239,535 
856,874 
420,190 
407,348 
445,975 
406,983 
412,106 
597,966 
652,345 
627,486 
835,304 
733,367 
669,080 
509,405 
503,42.^ 
538.650 
776,855 
814,39s 
429,324 
706,592 
682.215 
716,017 
627.039 
808,050 
837,681 
911,538 
873,431 
956,139 
816.802 

syo,i40 

925,535 
655,'iOl 


145,713 
174,035 
155,0a2 
294,423 
266,920 
237,923 

37l'32fi 
430,454 
612,585 
375,385 
674,194 
736,009 
602,753 
856,127 
915,367 
395,672 
626,025 
753,277 
984.311 
516,755 
857,350 
505.004 
1,297.227 
1,371,723 
2,087,347 
1,809,911 
1,243,087 
1,302,711 
1,487,088 
1,099,983 
1,187,501 
1,055,932 
1,024,468 
1,539,343 
1,480,580 
1,396,236 
1,439,64* 


3 360 
7 229 
6 6S8 
66^5 
13 778 
10,406 
23,542 
28,432 
43,184 
34,661 
25,755 
24.514 
24^340 
23,065 
29,872 
35,874 
87,093 
27,080 
23,159 
20,207 
23,825 
36,928 
23,518 
20,943 
24,406 
19,539 
26,944 
66,223 
33,396 
44,940 
50,U30 
63,421 
67,267 
72,345 
78,177 
60,993 
39,237 
27,590 


366 
2W 
4U^ 
26 
142 
143 
134 
236 
206 
222 
690 
296 
205 
201 


61438 
38 773 
3.S3B6 
25 627 
16 180 
24.931 
33,118 
42,948 
65,658 
52,054 
83,417 
78,351 
64,064 
57,884 








































1847 


1,431,263 
1,181,337 
1,266,724 












4,3911 61,101 


1,654,699 






6,135 

9,400 
7,369 
8,116 
6,067 
5,176 
3,164 
1.353 
1,943 
2,67* 
1,826 
1,ISI 
2,083 
1,934 
2,383 
1,947 
2,832 
2,747 
3,456 
4,687 
6,340 


105,086 
66,799 
76,338 
65,076 
67,692 
140.780 
110,335 
122,798 
101.613 
126,945 
129,501 
113,484 
181,623 
236,894 
213.674 
259,112 
234,924 
211,908 
235,236 
218.760 
251,722 


1,702.693 

1,420,715 
1,687,130 
1,117,199 




1856 _ 










2,276.061 










2,617.680 
2.146,634 
2,073,361 
2,623,664 
2,226.112 
2,378,573 
2,257.689 


















2,643.877 
2,670,40S 
2,536,355 
2,370,297 










Total for 38 years, 
1837 to 1874... 


21,719,&t3 


34,467,169 


1,222,049 


97,677 


4,170,439 


61,676.837 


Yearly aTeraiHt 


571,563 


907,031 


32,159 


2,670 


109,748 


1,623,076 




Per cent of each claaa.... 


35.20 


56.8'J 


1.93 


0.16 


6.73 


100.00 


AverBgo fi-om 
1837 to 1841—5 yeara.... 


183,888 


207,034 


8,339 


257 


34,073 


438,571 


ISiato 1346-5 yeare.... 


316,238 


408,262 


28,035 


138 


43,731 


796,434 


18-t7tol851— 6yeare.... 


4^9,073 


766,889 


25,609 


323 


70,770 


1.352,660 


1853tol85fl— 5Jea^B.... 


656,931 


872,930 


28,834 


6,820 


76,977 


1,611,335 


18&7 tol8ei— 5jears.... 


612,530 


1,009,612 


25,924 


4,776 


105,33b 


1,768,178 


ISea to 1888-5 jeOTB.... 


707,993 


l,536,02l( 36,113 


1,942 


130,614 


2,462,68» 


1887 to 1874—8 years..,. 


853,302 


1,276,6841 57,381 


3,266 


232.867 


2,428,500 
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Cost of Trans- 
port. 



It is stated in evidence given before the " Committee on 
Transportation Routes" that the opening of the Erie canal 
immediately reduced *^ the transportation * * * ♦ of 
a ton of merchandise between Albany and Buffalo from 70 
dollars to 7 dollars a ton." Before the enlargement of the 
canal, when the boats were of only 70 tons burden, the cost 
of transport was, exclusive of tolls, about 1 cent, a ton a 
mile ; after the enlargement it rapidly fell to a little over 
4^ mills per ton per mile, and for the last 5 years the average 
for freights both eastward and westward-going has been^ 
exclusive of tolls, 5^ mills per ton per mile. 

The following tables are from the " Report of State Audi- 
tor, 1874.'' 



YEAR. 



Average 
Average 
Average 
Average 
Average 
Average 
Average 
Average 
Average 
Average 
Average 



from 
from 
from 
from 
from 
from 
from 
from 
from 
from 
from 



1830 
1834 
1838 
1842 
1846 
1850 
1854 
1858 
1862 
1866 
1870 



to 1833, 4 years 

to 1837, 4 years 

to 1841,4 years [ 16.10 

to 1845, 4 years j 11.75 

to 1849, 4 years 

to 1853, 4 years 

to 1857, 4 years 

to 1861, 4 years 

to 1865, 4 years 

to 1869, 4 years 

to 1874, 6 years 



Up freight per ton 


Down 


FREIGHT PER 


FROM 


Albany to 


TON FROM Buffalo 


Buffalo 


• 


TO Albany. 


Average 
per year. 


Tolls de- 
ducted. 


Leaving 
freight. 


Average 
per year. 


Tolls de- 
ducted. 


Leaving 
freight. 


Sets. 


$ cts. 


$ cts. 


$ cts. 


$ cts. 


$ cts. 


18.65 


9.85 


8.80 


8.84 


4.74 


4.10 


18.00 


6.57 


11.43 


7.15 


3 28 


3.87 


16.10 


6.57 


9.53 


6.94 


3.28 


3.65 


1175 


6.57 


5.18 


593 


3.28 


2.66 


7.85 


4 80 


3.05 


5.90 


2.92 


2.98 


6.05 


3.76 


2.29 


5.07 


2.37 


2.70 


5.05 


2.92 


2.13 


4.86 


2.19 


2.67 


2.45 


1.24 


1.21 


3.54 


1.51 


2.03 


2.52 


1.22 


1.30 


4.66 


2.11 


2.55 


2.60 


1.05 


1.55 


4.61 


2.41 


2.50 


2.60 


1.05 


1.55 


3.31 


1.05 


2.26 



TABLES SHOWING THE COST OF TRANSPORTATION ON THE CANALS. 

The following table has been prepared to show the cost of transportation for a 
series of years, on down freight from Buffalo to Albany. It iS designed to show the 
cost of carrying on the canal 216 pounds, or a barrel of flour. The first seven columns 
show the cost, including tolls ; the eighth shows the average for the year ; the ninth 
the tolls ; and the tenth the forwarder's charge, or earnings after paying tolls : 

Down Freight^ per hhl., 216 Zb«., from Baffalo to Albany. 



YEAR 


^ 
a 


• 

a 

Ha 


July. 


. 

00 

d 
bo 



<3 


1 

•4.9 

o 
OQ 


i 

o 

•4.9 

o 
O 


1 

5z; 


Average 
for year. 


Tetal de- 
ducted. 


Leaving 
freight. 


1830 


181.00 
1.04 
1.10 
91 
87 
70 
80 
80 


90.99 

97 
97 
82 
78 
65 
78 
80 


$0.97 
91 
90 
86 

78 
66 
72 
82 


$0.86 
92 
97 
83 
81 
64 
72 
72 


$0.99 
90 
1.00 
90 
85 
64 
76 
83 


$1.01 
97 
1.00 
91 
85 
76 
80 
77 


$1.02 
1.02 
1.06 
91 
88 
75 
80 
97 


$0.98 
96 
1.00 
88 
83 
68 
77 
81 


$0.55 
55 
55 
39 
35 
35 
35 
35 


$0.43 


1831 


41 


1832 


45 


1833 


49 


1834 


48 


1835 


33 


1836 


42 


1837 


46 






Annual aver- 
age from 
1830 to 1837, 
Syears 


$0.90 


S0.84 


$0.83 


$0.81 


$0.86 


$0.88 


$0,92 


$0.86 


$0.43 


$0.43 
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YEAR. 



09 



1838 

1839 ., 

1840 

1841 

1842 

1843 

1844 

1846 

Annual aver- 
age from 
1838 to 1845, 
8 years 

1846 

1847 

1848 

1849 

1850 

1851 

1852 

1853 

Annual aver- 
age from 
1846 to 1853, 
8yeai*8 

1854 

1855 

1856 

1857 

1858 

1859 

1860 

1861 

Annual aver 
age from 
1854 to 1861, 
8 years 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 



$0.80 
68 
80 
75 
72 
80 
75 
55 



$0.73 



$0.61 
1.12 
54 
51 
51 
46 
47 
49 



$0.59 



$0.56 
47 
64 
59 
37 
27 
30 
39 



Annual aver, 
age from 
1862 to 1874, 
13 years 



$0.45 

$0.40 
43 
50 
42 
38 
37 
45 
42 
34 
36 
30 
38 
37 



o 





Ha 



OQ 

bo 

a 



u 
o 

B 

o 

a* 
o 

CD 



u 

o 

o 
O 



(4 
o 

B 



o 
o 

CB 

u 
o 

<1 



08 



o 
o 



o 

o 



bo 

O 

bo 

.a 

o 



$0.73 


$0.71 


$0 68 


67 


65 


65 


78 


74 


67 


65 


68 


63 


60 


60 


62 


60 


59 


57 


61 


55 


56 


55 


54 


57 


$0.65 


$0.63 


$0.62 



$0.73 
78 
76 
66 
62 
58 
54 
55 



$0.70 

87 
80 
73 
63 
62 
57 
53 



$0.68 



$0.76 


$0.73 


$0 35 


1.00 


76 


36 


1.13 


81 


35 


85 


71 


35 


76 


65 


35 


70 


60 


35 


65 


60 


35 


96 


^1 


35 


$0.85 


$0.69 


$0.35 



$0.33 
41 
46 
36 
39 
25 
25 
26 



$0.61 

1.02 

51 

55 

51 
46 
47 
48 



$0.53 ($0.54 
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STATEMENT showing Ihe average rate 0} lake freight on wheat 
Buffalo and Orwego ; also the average rate of canal freight 
Bufoto, Oswego and New York, for each month during the sea* 



m between Chicago. 
im« ariiclet between 
.vigation, 1874- 





From Chicago to 
Buffalo. 


From Buffalo to 
New York, 


From Chicago to 
Oawego. 


From Oaw^ira 
to New York. 
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cm r 
7 7 3 
7 6 9 
6 S 9 
6 
48 1 
6 6 9 
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c. m.f 
7 9 2 
7 88 
7 1 1 
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6 89 

6 8 8 

7 3 


c. m. t. 
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3 8 8 

III 

4 4 
4 4 5 


40 8 
40 6 
3 5 3 
27 4 
3 3 3 

3 8 1 

4 2 3 


11 8 8 
U 3 
9 6 4 
9 4 
9 6 6 
9 6 6 
» 8 


10 8 8 
10 3 
8 4 2 
8 4 
8 5 5 
8 56 
900 


8 S 1 

847 
7 3 8 
6 6 

6 8 8 

7 60 
7 67 






Angoat 

October 

Novemher 


6 00 
6 09 
6 9 3 
73 


Average for the 


40 8 


3 67 


10 1 1 


9 1 1 


767 


6 6 3 


7 3 2 


66S. 





The above ratei include canal tolls, as followa ; — 

On wheat, pec bnahel, from Albany to Troy 03 1 

On com, per bnshel, from Buffalo to Troy 03 

On wheat, per buahel, from Oswego to Troy 01 7 7 

On corn, per bushel, from Oswego to Troy 01 6 6 

Highest rate, lake freight, from Chicago to Buffalo 4c. wheat. 

Highest rate, lake freight, from Chicago to Oswego 7c, wheat. 

Higbeat rate, canal freight, from Buffalo to New York lOo. wheat. 

Highest rata, caoal freight, from Oswego to New Tork 7c. wheat. 



gg|aof Graltt The following tables are extracted from the Report of the 
" State Engineer for the fiscal year 1874." The first gives 
the rates of freight for grain from Chicago to New York 
via the Lakes, Erie Canal and Hudson River for 13 years, 
from 1861 to 1874; the second gives the acfua^cost of trans- 
port of grain from Buffalo to New York (1) byraiboad; 
(2) by Erie Canal and Hudson River, with animal power on 
the canal and steam on the river ; (3) the estimated cost by 
steam on both canal and river- 



CRAIN FKEIQHTS OVER THE ERIE CANAL FROM CHICAGO. 
The following table shows the average rates of freight for grain, per 
fenshel, Uara Chicago to New York for 13 years ; 
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From the above will be seen how closely the cost of trans- Co»t nf tnws- 
port by rail has come down to that by the canal, and when nSrinnch 
the extra speed of the former, amounting to a saving of SmI!. ' ^ 
some 8 days between Buffalo and New York is remembered, 
it is not surprising to find that the railways which compete 
■ Eiclosive of tolls. 
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with the canal are rapidly outstripping it. Up till 1868, 
the Erie Canal and its branches in the 7 months of naviga- 
tion carried yearly more than all the railroads of the State 
put together. In 1874 the tonnage of two only of them, 
the ^' New York Central" and the "Erie" railroads which 
are in direct competition with the canal for the carriage of 
Western produce, was more than double that of the canal. 
In 1862 the Erie canal delivered, at tide- water, 74,811,877 
bushels of grain (including flour reduced to grain) ; in 1872 
only 52,683,700 bushels, and this notwithstanding an im- 
mensely increased production in the North-western and 
Western States. 

The chief rivals of the canal are the " New York Central" 
and " Erie" railways, each managed by men of great admin- 
istrative abilities and enlightened boldness. The former, 
under the control of the celebrated Commodore Vanderbilt, 
has of late years been so improved and organized, that it 
claims to be able to move a larger quantity of freight and 
at a less cost per ton than any other railway in the world. 
It has four tracks between Bufialo and Albany, so that 
freight trains run on tracks devoted exclusively to them, 
are of the lengths, and travel at the speed, which are found 
to be the most economical, and are not delayed by having 
to shunt to make way for passenger trains. Though both 
these railways have their termini at Buffalo they each con- 
trol, or run in connection with, other western lines run- 
ning from Chicago, the great grain emporium of the lakes. 
The competition for the grain traflic from that centre is now 
so keen that whilst I was in America five railways, viz., the 
" New York Central"—" Erie"—" Pennsylvania Central"— 
" Baltimore and Ohio" — and the " Grand Trunk'* were car- 
rying grain at 15 cents per lOOlbs. from Chicago to New 
York or their respective Atlantic termini, a rate but little 
over 3 mills (say ^ penny) per ton of 2,0001bs., per mile. 
This, it was acknowledged, could not* pay, but it shows that 

* Extract fr<ym the " Times'* 1th April 1877.— The New York Central, 
the Erie, the Pennsylvania, and the Baltimore and Ohio Railways, nnder 
their new compact, put in operation on Monday the general advance of 
passenger rates. The new freight rates were put in operation to-day on 
the basis of 30c. per 1001b. on grain from Chicago and S5c. from St. Louis 
to New York. The rates to Philadelphia are 2c. and to Baltimore Sc. 
below those to New York. 
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» 

the command of the trade of which till lately, the Erie Canal 
had virtually a monopoly, is being eagerly fought for, and 
that if the canal is not to be beaten out of the field it must 
be improved, as it may easily be, till the difference between 
the speed of carriage on it and on the railways is consider- 
ably lessened, and is compensated for by the greater cheap- 
ness of the water carriage. 

The rates of tolls levied on the Erie canal and itsToUs. 
branches vary from ^ mill to 5 mills per l,0001bs. per mile, 

according to the nature of the articles carried, which are 
divided into 5 classes. (See Sheet of Rates of Tolls, Appendix 
No. 2.) Boats used chiefly for the transportation of passen- 
gers (there are scarcely any of these) pay 4 cents per mile. 
Wheat and corn, the chief freights, used to pay up to 1870 
3 mills per l,0001bs. per mile; they now pay only IJ mills, 
or 3^ cents and 3 cents respectively per bushel (bushel of 
wheat GOlbs, bushel of corn o61bs.) from Buffalo to tide water 
at the Hudson. In 1^30, the toll on a barrel of flour for the 
same distance (345 miles) was 55 cents ; it is now 11 cents. 
The tolls are collected by actual weight of cargoes, the boats 
being taken into " Weigh Locks*' (of which there are 5 at 
different points along the canal) and weighed ; — a deduc- 
tion from the gross weight is made for that of the boat, 
which weight is kept registered, and for that of the bilge 
water in her, which is gauged at the time. This system 
causes much trouble, delay and expense, and on a State 
canal, where direct profits are not of primary importance, 
or indeed of great importance at all, it seems to me that 
the annual licensing of boats, as on the Godaveri and Kistna 
canals of Madras, is preferable. 



The canal is closed by ice generally from about the first Season, 
week in December to the last week in April. The average 
open season may be taken as 220 days. In 1828, naviga- 
tion continued for 269 days ; in 1873 it was possible for only 
202 days. In some years the piling up of ice in Buffalo 
harbor by westerly gales has virtually delayed for some days 
the opening of the canal after it was itself clear of ice. 



<)6 BRANCHES OF THE ERIE CANAL. 

Branches of the Erie Canal.— '^^q great success of the 

Erie canal induced in the New York State a canal fever, 
which was aggravated b}' financial and political jobbery, and 
resulted in the construction of a number of branches, most 
of which have not paid for their maintenance and have 
swallowed up the large profits of the main canal, leaving the 
State a loser on the whole system of canals by, to end of 
186G, 7,473,992 dollars, thus arrived at : — 

Dollars. 
Total cost of construction of Erie canal and 

its branches 64,710,832 

„ Interest on same 93,736,654 

„ Cost, maintenance and repairs 24,377,108 

„ Interest on same 27,268,895 

Total cost...$ 210,093,489 
Receipts from tolls, with interest $ 202,619,510 

Net cost to the State up to 30th Sept., 1866. 7,473,979 

The following table, collated from official sources, gives 
the main particulars about the branch canals. Of these, the 

only ones of importance, financially and commercially, are 
the " Oswego" and " Champlain" canals, and I visited them 
only. It is pretty certain that all the others, except, perhaps 
the " Cayuga and Seneca" canal will be abandoned, and I 
heard of no works on them of special interest. 



[Statement'] 
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Oswego Cdnol* — This canal might fairly be considered 
more as a portion of the main trunk of the Erie canal than 
as a mere branch, for lake Ontario, which it brings into 
communication with the main canal, and so with tide water, 
is one of the chain of lakes, to join which with tide water 
the Erie canal was specially constructed. It also has an 
importance beyond its present uses, because it is probable 
that when the enlargement of the Welland canal (now in 
hand by the Canadian Government) is completed, a large 
portion of the grain now transhipped to canal boats at Buf- 
falo, at the east end of lake Erie, will be carried on by the 
faster and cheaper lake-going vessels to Oswego, from which 
port the canal distance to be traversed to tide water is 148 
miles shorter, and the lockage is 43 feet less than from Buf- 
falo, against which advantages, however, there would stand 
the 28 miles and 330 feet lockage of the Welland canal. Also, 
if ever the much-talked-of construction of a " ship canal*' 
from the lakes to tide water should be carried out, it will 
probably be so by improvement and enlargement of the 
northern portion of this canal ; its junction with lake 
Oneida ; the enlargement of the Oneida lake canal (G 
miles in length) from Higginsville at the south end of the 
lake to the Erie canal ; and the enlargement of the latter 
canal to Albany. This course would give 146 miles of lake, 
and 208 miles of canal navigation (inclusive of Welland 
canal) as against 352 miles of canal by the Buffalo route. 

General des- The Oswego canal leaves the Erie canal, opposite the 
cription. ^" •*• *^ 

Syracuse weigh lock, at 186 miles from Buffalo and 166 miles 
from Albany. Skirting the eastern shore of the shallow 
Onondaga lake, it runs north-westerly for 7 miles to a loop 
of the Seneca river at *^ Mud Lock," which lock drops it into 
that river. The river has been dredged and provided 
with a tow-path, and is used for about 8 miles to '^ Three 
River Point," where the Seneca and Oneida rivers join 
and form the Oswego river. That river is used for about 
2 miles to " Phoenix," where there is a stone dam across it, 
440' long and 9' high, and the navigation passes again into 
an artificial canal and so continues for about 6 miles to 



.*,Visited^9th and lOth^July, 1876. 
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** Ox Creek", where it is again taken into the river and con- 
tinuea in it for 4 miles to Fulton, at which place is a low 
masonry dam on a ridge of natural falls. From this there 
is an artificial channel for 4 miles to " Braddock's rapids," 
where there is a lock into the pool, about 1^ miles long, 
above Van Buren's dam (masonry, 662' long, 12' high.) From 
that dam there is an artificial canal for about two miles to 
a pool above the " Minetto" masonry dam across the river, 
455' long and 10' high. There is then an artificial channel 
for about a mile which locks into the pool above the *' High" 
dam, 368' long and 12' high, of which a plan is sent here- 
with.* Then there is a short piece of canal to the pool 
above the Oswego dam at the head of the Oswego rapids. 
From above this dam, which is in plan the segment of a 
circle, the navigation enters a canal through a guard lock, 
and passing through two drop locks in about three-quarters 
of a mile, re-enters the river some half mile above its junc- 
tion with lake Ontario, at the town and harbor of Oswesro. 

Along the lasi/ reach of the canal is a separate channel for 
carrying water for mills, closed at its upper end by a timber 
bulk-head supported on three stone piers, 4' wide each, and 
by raking struts between them. There are in this bulk-head 
13 openings of 7' wide, closed by wooden shutters worked 
by screw gearing. The surplus of this channel falls over a 
timber weir of 4 bays of 25' each with about 10' drop, and 
passes under the navigation canal to the river. In each 
bay of this weir is a vent, at the bed of the channel, closed 
by a shutter worked by rack and pinion. 

In connection with this canal, from where it joins it at ^^J^i* ^^^®' 

" Three River Point," the Oneida river has been made na- S^^®'^ naviga- 
tion. 

vigable for boats of 4' draught to Oneida lake at Brewerton, 
a distance of about 20 miles. Two rapids in this river are 
overcome by short channels round them with two masonry 
locks 120' X 30^'. They were built so large to admit of 
steamers which ply on the lake coming up to " Three River 
Point," and taking tows of canal boats to and from the lake 
ports. 

From *' Mud Lock" the Seneca river has been improved, 
and with an artificial channel of about a mile in length ad- 

* *' No. 53 in Vol. of Plans.'* 
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Chief Struc- 
tures. 



Locks. 



Bridges. 



Dams. 



Traffic. 



mits the passage of canal boats for about 4 miles to the 
town of Baldinsville. 

The principal structures on the Oswego Canal are — 



18 Lift Locks. 
G " Guard" Locks. 
8 Iron Bridges. 



32 Wooden Bridges. 
6 River Dams. 



The locks are similar to those on the main Erie canal, 
but not " doubled ;" the " lift" ones cost on an average 31,000 
dollars each. 

The bridges over the canal proper are only of 50 feet 
span, and almost all wooden trusses. 

The river dams being covered with water, I could not 
personally ascertain what they were like, and was able to 
obtain a plan (sent herewith*) of one only, the " High" 
dam across the Oswego river. The dam itself is a masonry 
wall 12 feet high, 16 feet wide at bottom, 9^ feet at top, with 
a gentle batter on its down-stream side, which is faced with 
cut-stone. It is coped with large blocks of stone, each of 
which run from front to back. This wall is founded on 
a continuous line of " crib-work," 25 feet wide sunk 10 
feet into the bed of the river. At about 10 feet away, 
down-stream, from the end of this crib-work is another line 
of similar work 20 feet wide and sunk 24 feet into the bed ; 
the interval between the two cribs being planked over. From 
about 2 feet below the crest of the dam there is a timber 
closely planked apron with a slope of 2 tg 1, the toe of 
which strikes the last-mentioned crib-work 5 feet from its 
inner, and 15 feet from its outer (down-stream) edge, and 
this 15 feet being planked over makes another apron, hori- 
zontal. When I saw the dam (9th July 1876) there was 
only 1 foot going over the crest and there was a curling 
wave just at the foot of the sloping apron and another just 
beyond the level one, after the water had shot off its smooth 
surface, which suggested trouble. 

In the table given at page 88 of these notes will be 
found the total tonnage of this (Oswego) canal for each 
year, from 1837 to 1874, from which it will be seen that 
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it increased to a maximum of 1,080,076 tons in 1860, since 
which it has gradually fallen off to 665,408 tons in 1874 ; 
the falling off being in a large measure due to the construc- 
tion of a line of railway connecting the port with New York. 
The table, given at page 97, shows the cost of construction 
and the returns of this canal to end of 1866. 

The tolls collected anived at their maximum for a year income from 

ToUs. 

in 1862, when they were 157,911 dollars. 

During the years 1872-73 and 74 the total income of the income and 

_ , £xpeiLuitnre« 

canal has been 249,344 dollars, and its expenditure — 

On ordinary repairs 373,672 dollars. 

On extraordinary repairs...296,116 „ 



Total... 669,788 dollars, 
showing for these 3 years a total excess of expenditure 
over income of 420,444 dollars, and an average yearly excess 
of 140,148 dollars. It should, however, be remembered that 
besides the returns here directly credited to this branch, 
some of the earnings of the main canal are due to it, but 
even taking them into consideration, the Oswego canal is 
far from being a paying one. 

Its commercial importance as placing lake Ontario in Commercial 

, , , _ , . importance. 

communication with the Erie canal is great and, as already 
noticed, is likely to become even greater after the enlarge- 
ment of the Welland canal is completed. But if it is to 
increase, or even retain its importance amongst the great 
lines of communication of the country, this branch, as well 
as its parent canal, must be so improved and enlarged as to 
secure a considerable increase in the speed, and saving in 
the cost, of its navigation. 

Champlain Canal *"-'^is important canal connects the Introductory. 
Erie canal near its eastern end with lake Champlain and 
and so, via the Ours and Chambly canals, with the river St. 
Lawrence, 46 miles below Montreal. The traffic on it does 
not consist (as is the case with the Erie and Oswego canals) 
chiefly of agricultural products of distant States, but of pro- 
ducts of the forests and mines of the New York State 
through which it runs, and of the State of Vermont which 



* Visited 20th— 23rd June, 1876. 
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skirts the eastern shore of lake Champlain. Whilst of 
the total tonnage brought by the JBrie canal to tide water, 
from 1837 to 1874, considerably more than half has been 
agricultural produce, and but little more than one-third 
the products of the forests, of the total tonnage brought by 
the Champlain canal to tide water during the same period, 
to agriculture has been due less than one-thirteenth, to the 
forest^^nearly two-thirds. 

During the American war of Independence and the war 
with England of 1812, the country near the upper waters of 
the Hudson and about lake Champlain was the scene of 
important military and naval operations. Touching at its 
northern end the Canadian frontier, whence it is connect- 

m 

ed by river and canal with the St. Lawrence, where that 
is purely a Canadian river, and running far down into the 
^' Empire (New York) State/' lake Champlain would 
undoubtedly, in the event of war between England and 
America, again become of great military importance, and, 
recognizing this, the American Government have from time 
to time had under consideration the improvement of the 
Champlain canal and the Hudson river, so as to admit of the 
passage of gunboats to the lake. 

The last proposition, for which surveys and preliminary 
estimates have been prepared, is for an entirely new " ship 
canal" (with prism 100' and 150' X 13' deep, and locks 
270' X 45') running near the present line from Whitehall 
at the south end of the lake, to the Hudson at Fort Edward, 
and the improvement of the Hudson river from that place 
to Troy to admit of the passage of vessels of 12' draught ; 
the estimated cost being 11,152,916 dollars. 

Such a canal would have no chance of proving a com- 
mercial or financial success were not a similar one con- 
structed from the St. Lawrence to lake Champlain. This a 
Canadian Company have proposed to take in hand when- 
ever the American scheme may be carried out, but that 
scheme seems likely to share the fate of its predecessors^ 

General Des- The Champlain canal leaves the Erie canal at 7 miles from 
Albany, and running northerly along the right bank of the 
Hudson river for 30 miles then crosses it in the pool formed 
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by a dam across ihe river known as the " Saratoga'* dam, 
towing being done from a bridge specially for the purpose. 
A Captain of a boat informed me, that in freshes the passage 
was dangerous, special ropes held by many men having to 
be used, and even then boats are sometimes carried over 
the dam. A lock closes the entrance to the canal on each 
side of the pool. From this pool the left bank of the river 
is closely followed for 11 miles to Fort Edward (41 miles) 
where, by the twelfth "lift" lock, the surface is lifted to 
the summit level (146.667 + T. W,) The canal now leaves 
the river and continues in a north-easterly course, at the 
level just mentioned, for 12 miles to " Fort Ann" where, 
by a combined lock of two chambers, and two separate 
ones a short distance apart, it is dropped into the *' Wood 
Creek" (level 121.076), which stream is used for about 6 
miles. Passing out of this creek through a guard lock it 
continues at the same level for 7 miles to " Whitehall," 
and there, at 66 miles from junction with the Erie canal, 
it is dropped by a " combined" lock of 3 chambers into lake 
Champlain, the usual level of which is 93.076 + T. W. 

This canal has a navigable branch* 7 miles in length (ex- 
clusive of pond above dam) from a mile north of " Fort 
Edward" to the Hudson at *' Glens Falls," where from above 
a dam across the river the water is taken for the supply of 
the portion of the canal from Saratoga dam to the northern 
end at lake Champlain, a distance of 35 miles. 

The general prism of the canal now is— Prism. 

Water surface 45' to 50' 



I 

I 
I 



35' 



• " Visited 22ad and 23rd June, 1876." 
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but its enlaj'gement has been sanctioned, and is now in pro- 
gress to^ — 

Water surface 58' 

i 
I 

I 



44'. 



Structures. 



Locks. 



Biver Dams. 



The principal structures on the canal and the " Glens 
Falls" branch are — 

33 " lift" and 5 " guard" locks. 

118 bridges of all kinds. 

3 river dams and 5 small ones across ** Wood" creek. 

24 culverts and small aqueducts. 

The locks are similar to those on the main Erie canal, but 
not *' doubled." Those on the " Glens Falls" branch are 
only 100 feet x 15 feet. Of the 13 locks on the latter, 5 
are ** combined" into one flight with a total lift of 50 feet. 
The feed- water is taken past this flight down a wooden race 
10 feet 6 inches wide of 5 slopes, about 100 feet long each, 
between which are 5 vertical steps or drops. 

Notes of times occupied by boats in passing locks on the 
Champlain canal and its branch are given under the head 
of " Locks" main Erie canal. 

Of the river dams I was not able to get any plans or des- 
criptions, and as water was going over them I could not 
from inspection arrive at details. 

The one across the Hudson at Glens Falls* appeared to 
me to be in section generally similar to the dam across 
the Mohawk at the ** Bexford Flats" feeder of the main 
Erie canal, already noticed. It is, however, much longer, 
said to be 900 feet in length. The abutments at both 
ends are of stone masonry. At the back of the one at 
the north end, the supply water is taken into the feeder 
(which is navigable) through 4 large vents closed by 
.wooden shutters worked by iron screws running through 
a female screw-nut turned by iron handles which fit into 
holes round it. Alongside this "bulkhead" is the head 

♦ Visited 22nd June, 1876. 
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" guard" lock. As immense quantities of timber are floated 
down the river for supply of saw mills at various places 
below the dam a "chute" is provided about the centre 
of the dam for their passage. It is merely a depression 
about 10' wide in the crest of the dam with the trough from 
it down the apron flanked with boarding to prevent the 
logs from swerving and knocking the apron about. Guide 
piles driven into the river, for some distance up, lead the 
logs on to the chute, and if they jam anywhere they are 
started by men in *' scows," The greatest number of logs 
Avhich I saw pass through the chute in one minute was 
30, and the average of five minutes was 14 a minute. 
About 200 yards above the dam there are at points across 
the river, 6 stnictures of timber and stone, like the cutwaters 
of bridge piers, for breaking up the great fields of ice which 
in winter come down the river. The pool above this dam 
is navigable for 5 miles in length. 

The Bridges are almost all wooden trusses of 50 feet span. Bridges. 

In the table given at page 88 of these notes, will be found Traffic, 
the total tonnage of this canal for each year from 1837 to 
1874, from which it will be seen that it increased with great 
steadiness from 261,659 tons in the former, to 1,268,292 tons 
in the latter, year. 

This canal has, for construction and maintenance, cost (ex- Cost and 
, . Income. 

elusive of interest) 2,764,486 dollars more than its direct 

return by tolls. Taking the last five years as the standard, 

its average tolls, which have varied from $123,700 to 

$173,540, amount to between 20,000 and 40,000 dollars more 

than its ordinary repairs and collection, but are considerably 

less than suflScient to also pay a fair percentage (considered 

in America to be 7 per cent.) on the outlay. Thus — 

Dollars. 
Cost of canal and improvements to September, 

1874 4,099,567 

„ ordinary repairs and collection of tolls 

to September, 1874 4,600,796 

Total cost to 30th September, 1874 8,700,363 

Total tolls received 5,935,877 

Net cost of canal (exclusive of interest) 2,764,486 
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Dollars. 
The annual interest on this sum,at 7 per cent.,is 193,514 
Ordinary repairs and collection 106,486 



Tolls should be Doll ars 300,000 

they really have been from 123,700 dollars to 173,500 dol- 
lars, leaving an annual deficiency, ranging from 176,300 to 
126,500 dollars. 



Administration of the Erie Canal'—The administration 

of the Erie canal (and its branches) is vested in a ^* Canal 
Board," which consists of — 

(1.) The Commissioners of the Canal Fund. 
(2.) The State Engineer and Surveyor. 
(3.) The Canal Commissioners. 

*' This Board meets during the sitting'of the Legislature ; fixes the rate 
of toll, appoints the Engineers, Saperintendents of Repairs, Collectors of 
Tolls, Weighmasters, their Assistants and Inspectors, and Measurers of 
timber and of boats and their cargoes ; directs extraordinary repairs, 
hears appeals &om the Canal Appraisers ; remits penalties and regulates 
the police of the canals, &c." 

The Commissioners of the Canal Fund are five of the State 
oflScera, whose appointments are governed either directly or 
indirectly by popular vote. They are— 

The Lieutenant Governor. 
„ Secretary of the State. 
„ Comptroller of the State. 
Treasurer of the State. 
Attorney General. 






The State Engineer and Surveyor is annually elected, and 
this being the case the office is generally secured by a de- 
clared politician, and is never held for many, seldom for two, 
consecutive years by the same person. That under this 
system men of ability do sometimes receive the appointment 
is undoubted. The present State Engineer, Mr. J. D. Van 
Buren, is an instance of this, but the tenure of the office is 
too uncertain, or rather is too certainly short, to allow of 
such ability exercising much influence on the well-being of 



ADMINISTRATION OF THE ERIE CANAL. 107 

the canal. The duties of the State EDgineer are thus enu- 
merated in an official document : — 

*' Prescribes duties of, and assigns divisions of canals to Eng^eers; 
visits and inspects canals ; prepares surveys, maps, plans, estimates, &o., 
in the construction or improvement of a canal, &c., &c." 

Strange to say, neither this officer nor the Engineers em- 
ployed under him have any voice in the letting or execu- 
tion of contracts by which all the work of the canals is 
done. In support of this assertion, which will seem a 
strange one to Engineers who may read these notes, I give 
the following extracts from " the State Engineer's report 
for the fiscal year ending September SOfch, 1874 : — 

* • " The plans, specifications and estimates for any work, having been 
approved by the State Engineer, and the letting thereof having been 
authorized by the Canal Board, the matter passes entirely from his con- 
trol ; and all subsequent proceedings, up to; and including the £.nal award 
and execution of the contract, are had by the Canal Commissioners. 

The division, resident, and such subordinate Engneera as may be neces- 
sary, are required to be present at lettings, to perform merely the clerical 
duty of canvassing the bids, and of certifying to the accuracy of such 
canvass. 

In oases where questions might properly be raised as to whethet pro- 
posals are properly balanced, or as to whether they should not be rejected, 
for tliat or for other reasons, no Engineer ofS.cer is authorized to act, even 
though entirely conscious of the objectionable character of the proposals 
which he may be called upon to canvass." 

• • • "It is believed that the State Engineer and Surveyor is a proper 
officer to advise with the Board of Canal Commissioners ; to aid in scru- 
tinizing and in determining the precise character of proposals for work ; 
to see that work is properly advertised, and to see that contracts are pro- 
perly drawn and executed. So long as this officer has neither voice nor 
authority in these proceedings, he cannot justly be held responsible for 
abuses resulting from them. It is, therefore, respectfully recommended 
that the State Engineer and Surveyor be constituted a member of the 
letting Board ; and that his presence, or that of his deputy, be declared 
essential to the legal transaction of business by said Board." 

The extracts already given from Governor Tilden's letter 
about the frauds in connection with the Erie canal afford a 
pertinent comment on the system by which its contracts have 
been let. 

The Canal Commissioners, who form the third component 

part of the Canal Board, are three in number. They have 

" the general charge of the public works, of the construction 

o 
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of new canals, and of the repairs of the completed canals." 
They are annually elected, and, therefore, ahnost invariably 
they are *' politicians.'* 

For convenience of management, the Erie canal and its 
branches are divided into 3 divisions, — the "Eastern," 
" Middle," and '' Western," each of which is under the charge 
of one of the Canal Commissioners, a "Division Engineer,'* 
and a " Eesident Engineer." The two latter oflScers receive 
their appointments year by year from the *^ Board," the 
component parts of which are constantly changing, and are 
therefore themselves being constantly changed. Assistant 
and Subordinate Engineers also, whom it may be necessary 
to employ from time to time, cannot be appointed without 
the assent of the Canal Commissioners. Under these ar- 
rangements it is evident that the commercial, financial, and 
engineering management of the canals must lack steadiness. 
They are perfectly saturated by politics. I found persons 
employed on the canal in positions far below those mention- 
ed, speaking of the probability of their retaining their ap- 
pointments as dopendent not on their fitness, but on the 
fortunes of political parties in the State Elections. The 
unwisdom of such a system is becoming daily more recog- 
nized by Americans, and it would be ungenerous to dwell 
on the subject. 
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APPENDIX No. l.-^{Bef erred to at page 75.) 

Chaptbb 868, Laws of 1871. 

AN ACT to foster and develop the internal commerce of the State 
b J inviting and rewarding the practical and profitable introductioti 
upon the canals of steam, caloric, electricity, or any motor other 
than animal power for the propulsion of boats. 

Passed April 28, 1871 ; three-fifths being present. 

The People of the Stale of New YorTc^ represented in Senate and 
Assembly, do enact as follows : 

Section 1. George B. McClellav, Hobatio Seykotjb, Ebasttts 
8. Prosser, David Dows, Geoboe Geddes, Van R. Richkond, 
Willis S. Nelsqit, Gboboe W. Chapitan, Willlam W. Weight and 
JofLK D. FAt are hereby appointed a commission to practically test 
and examine inventions, or any and all devices which may be sub- 
mitted to them for that purpose, by which steam, caloric, electricity, 
or any other motor than animal power may be practically and pro- 
fitably used and applied in the propulsion of boats upon the canals ; 
said examination and tests shall be had by the said commissioners 
at such time or times during the season of canal navigation, for the 
years 1871 and 1872, as they may order and direct ; said commis- 
sioners shall have the right, and they are hereby expressly required 
to reject all such inventions or devices, if in their opinion none of 
the said inventions or devices shaU fully and satisfactorily meet the 
requirements of this act ; but said commissioners shall demand and 
require : First. The inventions or devices to be tested and tried at 
their own proper costs and charges of the parties ofiering the same 
for trial. Second. That the boat shall, in addition to the weight 
of the machinery and fuel reasonably necessary for the propulsion 
of said boat, be enabled to transport, and shall actually transport on 
the Erie canal, on a test or trial exhibition, under the rules and re- 
gulations now governing the boats navigating the canals, at least 
200 tons of cargo. Third. That the rate of speed made by said 
boat shall not be less than an average of three miles per hour, 
without injury to the canals or their structures. Fourth, That the 
boat can be readily and easily stopped or backed by the use and 
power of its own machinery. Fifth, That the simplicity, economy 
and durability of the invention or device must be elements of its 
worth and usefulness, ^ixth. That the invention, device or im- 
provement can be readily adapted to the present canal boats ; and, 
lastly, that the commissioners shall be fully satisfied that the inven- 
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tion or device will lessen the cost of canal transportation, and in- 
crease the capacity of the canals. Any means of propulsion or 
towage other than by a direct application of power upon the boat, 
which does not interfere in any manner with the present method of 
towage on the canals, and complying in all respects with the pro- 
visions of this act, may be entitled to the benefits thereof; but this 
shall not be construed to apply to the system known as the Belgian 
system, or to any mode of propulsion by steam engines or otherwise 
upon either bank of the canals. 

§ 2. No such test shall be made if the same shall in any manner 
retard, hinder or delay the passage of boats navigating the canals 
under the present system. 

§ 3. If the commissioners herein appointed shall, upon such exa- 
mination and test as is provided for in the first section of this act, 
conclude and determine at any time that one or more inventions, or 
devices as aforesaid, but not to exceed three in number, shall be in 
all respects a full and satisfactory, practicable and profitable adapta- 
tion to the wants of the canals by reason of a new, useful and econo- 
mical means of propulsion for boats within the meaning of this act, it 
shall then, and not otherwise, be their duty to grant unto the owner or 
owners of such inventions or devices, his or their attorney, their cer- 
tificate or certificates, under their hands as such commissionei*s, that 
they have so determined and adjudged to the owner or owners of 
the invention or device which, in the judgment of the said commis- 
sioners, possesses in the greatest degree of perfection the requisites 
mentioned in the first section, they shall grant a certificate which 
shall be known as certificate niynber one, and to the owner or owners 
of the next best invention or device, they shall grant a certificate as 
aforesaid, which shall be known as certificate number two ; and to 
the owner or owners of the third best invention or device, they shall 
grant a certificate as aforesaid, which shall be known as certificate 
number three. 

§ 4. Before entering upon the duties of his office each of the 
commissioners herein named shall take and subscribe an official oath, 
which shall be filed at once in the office of the Secretary of State. 
Any vacancy arising from any cause in said commission, may be 
filled on the application of the remaining commissioners, by the 
Governor. 

§ 5. The reasonable expenses of the said commission, not ex- 
ceeding in all the sum of dollars «5,000 to be determined by the said 
board, shall be paid out of any sum which may be awarded to the 
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person or persons receiving the certificate mentioned in the third 
section of this act, in proportion to the amount awarded to the holdera 
of said certificates, providing such certificates shall be granted ; and 
if no such certificate shall be granted, then the same shall be paid by 
the Treasurer, on the warrant of the Comptroller, out of any moneys 
in the treasury not otherwise appropriated. 

§ 6. Upon the production by the owner or ownera, or his or 
their attorney, of such certificate or certificates as may be granted 
under the provisions of this act, to the C/omptroIler, he shall draw 
his warrant upon the Treasurer of the State of New York for the sum 
of dollars 50,000, payable to the said owner or owners of said inven- 
tion, device, his or their attorney, out of any money in the treasury 
not otherwise appropriated, in case but one certificate shall have 
been granted by said commissioners. If two certificates shall have 
been granted and no more, then the said Comptroller shall draw his 
said warrant upon the said Treasurer for the sum of dollars 35,0(TO, 
payable to the owner or owners of certificate number one ; and said 
Comptroller shall also draw his said warrant upon the said Treasurer 
for the sum of dollars 1 5,000, payable to the owner or owners of cer- 
tificate number two. If three certificates shall be granted by said 
commissioners, then and in that case the said Comptroller shall 
draw his said warrant upon the said Treasurer for thie sum of 
dollars 30,000, payable to the owner or owners of certificate number 
one ; and one of dollars 15,000, payable to the owner or owners of 
certificate number two ; and one of dollars 5,000, payable to the 
owner or owners of certificate number three. 

§ 7. If on or before the 1st day of November, 1873, the com- 
missioners hereinbefore named shall, upon due examination, find and 
determine that the said invention or device has been successfully 
operated upon the canals, and has been or will be largely adopted as 
a motor on said canals by reason of its superiority over any other 
known method of propulsion, then and in such case they shall grant 
a further certificate of that fact, and the Comptroller upon its pre- 
sentation to him, shall draw his warrant upon the Treasurer of the 
State for the further sum of 150,000, payable to the said owner or 
owners of the said device, his or their attorney, out of any money in 
the treasury not otherwise appropriated ; but in case of the granting 
by said commissioners of more than one certificate, as stated in sec- 
tion six of this act, then and in that case the sum of 150,000, men- 
tioned in this section, shall be divided among and paid to the owners 
of the said certificates in the proportion, and in the manner as stated 
in section six of this act. 
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APPENDIX No. 2 
Bates of Toll, 1876. 

Established by the Canal Boabd an persons and property transported 
on the New Yobk Statx Canals, to take effect on the opening of 
Navigation. 



Articles paying One-Half Mill per 1,000 pounds 

per mile. 



Ashes, leached. 

Bones. 

Brick of every description. 

Bleaching Powder, going from 
tide-water. 

Coffee. 

Copper Ore. 

Copper, pig and smelted. 

Crockery. 

Car axles, when cleared at tide- 
water. 

Car wheels. 

Charcoal. 

Clay. 

Coal, anthracite and bituminous. 

Coal Oil. 

Coal tar and products thereof. 

Cullet, or broken glass to be 
melted over. 

Earth. 

Fire brick. 

Fish, salted, going from tide- 
water. 

Gfas Pipe. 

Gypsum, unground, product of 
this State. 

Hay, pressed. 

Horse shoes. 

Iron, bloom and pig. 

Ice. 

Iron bolts, when cleared at tide- 
water. 

Iron bridge and railing, when 
cleared at tide-water. 



Iron, in bars and bundles, when 

cleared at tide-water. 
Iron ore. 
Lead, bar and pig, going toward 

tide-water. 
Lime stone. 
Manure. 
Marl. 
Molasses. 
Nails. 

Petroleum, crude and refined. 
Peat. 
Pig iron. 
Plaster Calcined or Plaster Paris, 

going froom tide-water. 
Railroad chairs^ when cleared at 

tide-water. 
Railroad iron. 

Sal Soda, going from tide-water. 
Soda Ash. 
Sugar. 
Sand. 
Saw dust. 
Scrap Iron. 
Shingles in boats, per M., per 

mile. 
Slate. 
Spikes. 
Steel, in bars and bundles, when 

cleared at tide-water. 
Stone for the manufacture of 

lime. 
Stone, wrought, partly wrought, 

un wrought. 



Iron articles exclusively manu- Straw, pressed, and any pressed 



^ctured of wrought or rolled 
iron, not specifically enume- 
rated, when cleared at tide- 
water. 
Iron, boiler, when cleared at 
tide- water. 



vegetable substance used for 
the manufacture of paper and 
paper pxdp. 

Tin plate, going from tide-water. 

Water Pipes. 
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Articles pajring One Mill per 1,000 pounds 

per mile. 



Acid, sulphuric. 

Agricultural Implements^ going 

f^om tide-water. 
Articles not enumerated, going 

from tide-water. 
Apples. 
Barley. 
Beef, salted. 
Bacon. 
Barrels, empty, tmnsported in 

boats. 
Bran. 
Brimstone. 

Castings, all iron castings. 
Cheese. 
Cider. 
Corn. 

Com meal. 

Car axles, when not cleared at 
tide- water. 

Casks, empty, transported in 

boats. 
Cement, fire-proof and hydraulic. 
Cotton. 
Domestic distilled spirits. 

Domestic cotton. 

Domestic woolens. 

Esculent roots. 

Flour. 

Glass ware. 

Gypsum, ground and unground. 

Hemp, going toward tide-water. 

Hoops, rived. 

Iron, in sheets, bars and bundles. 

Iron, boiler. 

Iron, bridge and railing. 

Irpu bolts. 

Iron aafes. 

Junk. 



Lard. 

Lard oil. 

Lime. 

Leather. 

Mahogany. 

Malt. 

Merchandise, non-enumerated. 

Oats. 

Oil cake. 

Oil meal. 

Onions. 

Pig Copper. 

Potatoes. 

Railroad chairs. 

Rice, going from tide-water. 

Rye. 

Shingles, in boats, per 1,000 lbs. 
per mile. 

Ship stuff. 

Steel, in bars and bundles. 

Stoves. 

Salt manufactured in this State. 

Staves and heading, sawed, cut 
and dressed or partly dressed, 
shocks and stave bolts and 
butts, not exceeding four feet 
and a half in length, trans- 
ported in boats. 

Tar. 

Tobacco, unmanufactured, going 
toward tide-water. 

Turnips. 

Tobacco, going from tide-water. 

Turpentine. 

Varnish. 

Vinegar. 

Wheat. 

Water Lime. 

Wool. 
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Articles paying One and 

pounds 

Articles not enumerated, going 

toward tide- water. 
Agricultural products of the 

United States, not particularly 

specified. 
Ashes, Pot and Pearl. 
Barytes. 
Beans. 
Butter. 
Carboys. 
Carts. 

Carriages and Sleighs. 
Cattle, alive. 
Cabinet ware. 
Clover seed. 
Flax seed. 



One-Half Mills per 1,000 
per mile. 

Furniture, cabinet ware & chairs. 
Furniture for Stoves, not cast 

iron. 
Grease. 
Grass seed. 
Hides. 
Hogs, alive. 
Hops. 
Peas. 

Pork, salted. 
Kags. 
Sleighs. 
Sheep, alive. 
Ship knees. 
Tallow. 
Wagons. 



Articles paying Two Mills per 1,000 pannds 

per mile. 



Buffalo skins. 
Deer skins. 



Furs and skins of animals pro- 
ducing furs. 
Moose skins. 



Articles paying Two and One-Half Mills per 1,000 

pounds per mile. 



Salt, foreign. 



Tan Bark, ground, per 1,000 lbs. 
per mile. 



Articles paying Three Mills per 1,000 pounds 

per mile. 

Horses. Trees. 

Shrubbery. 

Articles paying Four Mills per 1,000 pounds 

per mile. 

Powder, Gun-powder. | Window sashes. 

Articles paying Five Mills per 1,000 pounds 

per mile. 

Barrels, empty, transported in ] Hoop Poles, transported in rafts, 

rails. Ship knees, transported in rafb. 

Bolts^ stave, transported in rafts. Staves and heading, not exceed- 

Butts, stave, transported in rafts. ing four feet and a half in 

Casks, empty, transported in rails. length, transported in rafts. 

Heading, transported in rafts. Wood used in the manufacture 

Hop Poles, transported in rafts. of salt, per cord per mile. 
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Lumber Shingles and Timber. 
Lumber No. 1/ 

c. m. fr. 
Transported in boats by weight, per 1,000 pounds per mile : 

White pine, white wood, bass wood, cedar boards, planks, 
scantling, and on all sidings, lath and other sawed 
stnff, less than one inch thick (except such as is 
enumerated in Lumber No, 3.) . . . . — 1 — 5 

Oak, hickory, beech, sycamore, black walnut, butternut, 

maple, ash, elm, fir, tamarack, yew and cherry . . — I — 

Hemlock and Spruce . . . . . . . , 0— 0—7 

Lumber No. 2.* 

7}ransported in boats by measurement, per 1,000 feet per mile : 

Boards, plank, scantling, railroad ties, pickets ibr fences 
and sawed timber, siding, lath and other sawed stuff, 
less than one inch thick, reduced to inch measure 
(except such as is enumerated in Lumber No, 3) ; 
lath, when cleared by measurement, may be estimat- 
ed at twenty feet for each bunch of one hundred 
pieces ; and all kinds of red cedar, cedar posts, esti* 
mated that a cord, after deducting for openings, will 
contain 10,000 feet . . . . . . . . 0—3—0 

Hemlock and Spruce, per 1,000 feet per mile, when not 

weighed . . . , . . — 2 — 

Lumber No. 2, transported in rafts, per 1,000 feet per 

mile . . . . . . . . . . 2 — 5 — 

Lumber No. 3."* 

Transported in boats by weight, per 1,000 pounds per mile i 

Sawed lath less than ten feet in length, split lath, hoop 
poles, hand spikes, rowing oars, broom handles, spokes, 
hubs, tree-nails, fellies, boat and ship knees, plane 
stocks, pickets for fences, railroad ties, last blocks, 
stuff, manufactured or partly manufactured for boxes, 
chairs and bedsteads, hop poles, brush handles, brush 
backs, looking-glass backs, gun stocks, plow beams 
and plow handles ... ... .. — 1 — 5 

Sawed stuff for window blinds, not exceeding one-fourth of 

an inch in thickness . . 0—4 — 

Timber per 1,000 cubic feet, per mile, transported in boats : 

Square and round, other than hemlock .. .. 0—5—0 

P 
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c. in. fr- 
Square and round, hemlock . . 0—3—0 

Square and round (all kinds) transported in rafts . . 1 — — 

Sawed Timber (see LurnJber No. 2), per 1,000 feet per mile.. — 5 — 5 

Shijlgleil i^ boats, per 1,000 pounds per mile . . — 1^-5 

Do. in boats, per M. per mile . . — — 5 

Do. in rafts, pcr]^M. per mile . . — 4 — 

Posts, split and round, not exceeding eight feet in length, 

carried in boats, per M. per mile . . 1 — 5—0 

On the same, if carried in rafts, per M. per mile . . 8—0—0 

Rails for fences, not exceeding fourteen feet in length, 

carried in boats, per M. per mile . . . . 1 — 5 — 

On same, if carried in rafts, per M. per mile . . 8—0 — O 

Boats and Passengers. 

On boats used chiefly for the transportation of passengers, 

upon all canals, per mile . - . . . . 4;— — 

On the same, if they elect to commute for tolls upon 
passengers . . . . . . 3 — — 

On boats used chiefly for transportation of property, per 

mile .. .. .. .. .. 2 — 0—- 

On the same, if they elect to commute for tolls upon 
passengers . . . « . . 2 — 3 — 

On boats registered before July 1st, 1862, whose bows 
do not conform to regulation No. 40, per mile . . 2 — 0— -0 

Boats used exclusively in the towage of boats on 
the canals, together with the machinery and fuel 
necessary therefor, — exempt from toll. 
On all persons over ten years of age, per mile... ... — — 5 
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APPENDIX No. 3. 



No. in 
List of Plans with these Notes on Erie Canal. Vol. of 

Plans. 

Map of State of New York, with profiles of canals . . 32 

General Plan of timber locks, Chemung canal . . 33 

„ „ road bridge, Erie canal enlargement . . 34 

„ „ aqueduct, — elevation of Seneca river aqueduct. 35 

„ „ Whipple's patent arch truss bridge, 72 ft. 

span . . 36 

„ „ „ „ „ 100 ft. span . . 37 

General Plan of iron road bridge, Whipple's trapezoidal truss. 38 

Detail Plan of dam and bulk-head . . . . 39 

General Plan of enlarged double locks . . . . 40 

„ road and farm bridge superstructure . . 41 

„ composite locks, Chemung canal . . 42 

„ farm bridge, lateral canals . . . . 43 

„ waste weir . . . . 44 

„ culverts . . . . . . 45 

„ composite culverts . . . . 46 

„ stone box culverts . . 47 

Plan and details of discharge pipe and well to Erieville *) a^ 
Reservoir. j 

General Plan of farm bridge and abutments exhibiting prism 1 ^^ 

of the enlarged Erie canal J 

Road bridge at Cohoes . . . . 60 
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THE CANALS OF CANADA. 

(Visited 25th June to 7th July and 15th to 22nd July, 1876.) 

The canals of Canada may, for the sake of convenience, 
be divided into four groups: — 

1. The canals constructed to improve the navigation from 
lake Erie to Montreal, with which are intimately connected 
the improvements of the St, Lawrence between Montreal 
and Quebec. 

2. The canals to improve the navigation of the Ottawa 
river. 

3. The *' Rideau" (military) canal from the Ottawa river 
at Ottawa to the St. Lawrence at Kingston. 

4. The canals to improve the navigation of the Riche- 
lieu river from the St. Lawrence to lake Champlain. 

The first of these groups is by far the most important. 
It establishes navigation between the ocean and the grand 
system of lakes which stretch away into the interior of 
the continent through some of the finest districts of the 
United States and Canada, providing them with facilities 
for internal and external traffic, such as are enjoyed by no 
other inland region of equal size. Before noticing the arti- 
ficial links in this great chain of inland navigation, extend- 
ing for 2,000 miles westward from the gulf of St Lawrence, 
it will perhaps be as well to give a slight description of 
those portions which nature herself has formed. 

Commencing then at the western end— 

(1.) Lake Superior — Lies between 93° and 85** West 
Longitude and between 47® and 49® North Latitude. It is 
nearly 400 miles long from west to east, and covers an area 
of 32,000 square miles, with a surface level of 600 feet above 
the sea, and a mean depth of 900 feet. It is bordered on its 
western coast by the State of Minnesotta, on its southern by 
the States of Wisconsin and Michigan, and on its northern 
by the Canadian province of Ontario. Its upper (western) 
end, known as '* Fond du Lac/' is 1,960 miles from the gulf 



THE CANALS OF CANADA. 119 

of St. Lawrence. At it« eastern end it narrows into a river 
called the "Sault St. Marie/' which carries its surplus waters 
to lake Huron through a course of 55 miles, in which is a 
rapid overcome by a canal 1 mile in length with 2 locks of 
19 feet total drop. 

(2.) Lake Huron — Lies between 48® and 43® North 
Latitude and between 84® and 81® West Longitude. It is 
about 270 miles long from north to south and covers an area 
of 23,000 square miles, with a surface level of 574 feet above 
the sea, and a mean depth of 450 feet. It is bordered on its 
western coast by the State of Michigan, and on its northern 
and eastern coasts by the Canadian province of Ontario. 
At its southern end it narrows into a channel which carries 
its surplus waters to lake Erie ; this channel is known for 
its first 33 miles as the " St. Claire" river, then for 25 
miles, in which it widens out, as " Lake St. Claire," and 
then for the remaining 18 miles of its course to its junction 
with lake Erie as the " Detroit river." A channel has been 
dredged and is kept open through the sand flats of lake 
St. Claire, of sufiicient size to pass the largest lake-vessels. 

(3.) Lake Michigan. — This forms a separate branch, as 
it were, of the main line of lakes. It joins lake Huron at 
its head, just below the mouth of the channel from lake 
Superior, to the general line of which lake it is almost at 
right angles. It lies between 42® and 47® North Latitude 
and between 86® and 88® West Longitude. It is about 300 
miles long from south to north and covers an area of 22,400 
square miles, with surface level of 578 feet above the sea, and 
a mean depth of 1,000 feet. Its waters are entirely American 
(United States), the boundary between Canada and the 
United States, running north of it along the middle of lake 
Huron and of the Sault St. Marie river. Its eastern and 
northern coasts are bordered solely by the State of Michi- 
gan, its western and southern coasts by the States of Wis- 
consin, Illinois, and Indiana. At its southern end is the 
celebrated city of Chicago, one of the most important railway 
centres in the country, with 450,000 inhabitants, owning a 
fleet of upwards of 400 vessels and exporting annually about 
90 millions of bushels of grain besides great quantities of 
other products of the field and forest. Chicago is 1,806 miles 
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by water from the gulf of St. Lawrence ; 1,411 miles by way 
of the lakes, Erie canal, and Hudson river from New York ; 
and 961 miles from the same place by rail. 

(4.) Lake Erie — Is 232 miles long from its western and 
where the waters from lake Huron j6in it, near the large 
town of Detroit, to its eastern end at Niagara river. It lies 
between 79® and 84® West Longitude and 42® and 44® North 
Latitude. It covers an area of 10,000 square miles, with 
a surface level of 564 feet above the sea, and a mean depth 
of 90 feet. It is bordered along its southern shore by the 
States of Ohio, Pennsylvania, and New York, and along its 
northern shore by the Canadian province of Ontario. The 
eastern end of the lake overlaps the western end of the 
one next to the east — lake Ontario — and through the penin- 
sula thus formed is the Welland canal. At the extreme 
eastern end of the lake, just at the head of the Niagara 
river, is the important city and harbor of BuflFalo, from 
which the ' Erie canal runs to the Hudson, and from which 
railways radiate in many directions. The surplus waters 
of this lake^ and all west of it, are carried on to lake 
Ontario by the Niagara river which, in a course of 35 miles, 
falls 330 feet. Half of this fall is accomplished by means 
of rapids, half by a vertical drop at Niagara, where up- 
wards of 400,000* cubic feet of water a second, plunge over 
a perpendicular lime-stone cliff. 

(5.) Lake Ontario. — The most eastern of the series, 
lies between 76® and 79® West Longitude and between 43® 
and 44® North Latitude. It is 170 miles, long iFrom west to 
east and covers an area of 6,700 square miles with a surface 
level of 234 feet above the sea, and a mean depth of 412 feet. 
It is bordered on the south by the State of New York and 
on the north by the Canadian province of Ontario. On the 
southern shore, near iis eastern ead, is Oswego, a consider- 
able town and lake harbor from which a canal runs to the 
Erie canal at Syracuse. On the northern shore, near the 
western end, is Toronto, one of the chief cities of Canada, 
with 56,000 inhabitants. On the northern shore, at the 
eastern end of the lake, is Kingston, formerly the capital of 

* Sir Chas. Lyell puts the quantity at 150,000,000 cubic feet per hour. 
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Canada^ but now chiefly of importance on account of being 
situated at the head of the St. Lawrence, where lake navi- 
gation ends and river navigation commences, and much 
transhipment has to be done. From Kingston the " Rideau" 
canal runs northwards to Ottawa. 

(6.) The River St, Lawrence. — The accumulated waters 
of the great lake plateau, some 400,000 square miles in ex- 
tent, flow out of lake Ontario by the river St. Lawrence, 
which carries them for 723 miles to the gulf of the same 
name. For the flrst 178 miles of its course, as far as Mon- 
treal, the river is crossed at several places by rocky barriers, 
which act as dams and divide the river into a series of long 
nearly still-water reaches, separated by rapids. Into these 
rapids are concentrated* about 214 out of a total fall of 
223 feet. Below Montreal, the river, with a total fall of 11 
feet, flows on unobstructed by rocky bars but widening 
out at intervals into broad expanses of shallow water, tiU 
at 86 miles from Montreal and 74 above Quebec it meets the 
tidal flow and from there continues broad and deep to the 
gulf of St. Lawrence, a further distance of 459 miles. 

This noble river is the natural outlet for the foreign 
trafBc of the lakes, providing the only route for a continu- 
ously descending channel from them to the ocean. Such a 
channel Canada has for years possessed and is now improv- 
ing, and the works on it are those that form Group 1. 

Taking the works of this group in order ascending the 
river they are— 

(a). Deepening the St. Lawrence between Montreal and 
Quebec. 

(6). The *^ Lachine Canal" on the island of Montreal, 
overcoming the St. Louis rapids. 

(c). The " Beauhamois Canal" on the south side of the 
St. Lawrence, overcoming the *' Cascade," *' Cedars" and 
Coteau" rapids. 

(d). The « Cornwall Canal" on the north side of the St. 
Lawrence, overcoming the ** Long Sault" rapids. 

(e). The '^ Williamsburgh Canals" (three) on the north 
side of the St, Lawrence, overcoming the " Farran's Point," 
" Eapide Plat" and " Galops" rapids. 
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(/). The " Welland Canal" from lake Ontario to lake 
Erie, overcoming the rapids and falls of the Niagara river. 

(a.)— Deepening the St. Lawrence. — Between Quebec 
and Montreal, a distance of 160 miles, there are several shoals, 
the chief of which is where the river widens out into the 
expanse, 40 miles X 8 miles, known as lake St. Peter, Up 
till 25 years ago there was not water enough on these shoals 
to float craft of more than 11 feet draught, but since 1850 
a channel 300 feet wide and deep enough for vessels draw- 
ing 22 feet, has been dredged through all obstructions. The 
result of this work has been to move the terminus of ocean- 
going ships 160 miles further into the heart of the country, 
greatly facilitating and cheapening foreign traflic 

treii ^' ^^^" ^^® eflFect on the port of Montreal has been most marked. 
Its imports and exports have increased from 15,120,321 
dollars and 2,692,086 dollars in 1857, to 44,027,704 dollars 
and 22,045,455 dollars in 1874, and the tonnage of its sea- 
going vessels from 67,740 tons to 423,425 tons in the same 
years. The channel is now being deepened to 25 feet, and 
Montreal is busy extending her wharves and making her 
harbor worthy of the great commercial advantages of her 
position. 

On the River Improvements there is now employed the 
following plant : — 

Value, dollars.* 
6 "Clyde" built elevator dredges, each $65,000... 390,000 
1 do do ... 45,000 

1 do do ... 20,000 

1 Paddle wheel tug ... ... ... 26,000 

6 Screw tugs ... ... ... ... 48,000 

1 Stone lifter ... ... ... ... 2,000 

24 Barges, Scows, &c. ... ... ... 57,000 



Total ... $588,000 

Dredging. The cost of dredging, raising, towing and depositing is 

stated to vary " from $1.79 J cents per cubic yard of small 
and large boulders, to llj cents per cubic yard of soft clay.*' 

* Note.— The dollar in Canada is worth 4 shillings. 
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For the Harbor improvements the plant is — 

1 Elevator dredge, capacity of bucket 4 cubic feet. 

5 " Spoon" dredges do do ... 40 ,, 

known in the United States as *' Osgood" dredges 
(see photograph attached, and see drawing with 
separate plans.) 

3 " Clam shell derricks/' chiefly used in taking the stuff 
off the '* scows" and placing it on the shore where 
the water is too shallow to allow of the scows going 
alongside. 

3 Tug boats. 

17 " Dumping Scows." 

" The total quantity of dredging done (in season of 1S76) was 169,419 w^**!? ®f Sf^™ 
cabic yards, and the gross cost 76,807 dollars, or an average of 45^ cents bpnr Commis- 
per yard for dredging, towing and unloading by derricks, including all * 

expenses of the year for repairs, working and maintenance of the plant, but 
not including depreciation, nor interest on first cost.'* 

On' the 27th June, 1876, 1 saw the dredges at work. Three Dredges, 
of them were excavating foundations for a line of wharves 
in between 25 feet and 30 feet of water, the bottom being 
very stiff clay mixed with boulders, known as " hard-pan." 
The ends of the "scoops" or "spoons" were armed with 
large teeth and the engines had to bo so worked as to 
bring these to bear with jerks, which, of course, racked tlie 
dredges and severely tried the engines, but the work was 
being done at the rate of a scoop about f full, say 30 cubic 
feet, every two minutes. 

The wharves are being constructed of crib-work, the Wharves. 
cribs, however, being filled with clay, excavated out of the 
bed of the harbor, instead of, as is usual, with stone. There 
are now 20,585* lineal feet of such wharfage which length 
is to be considerably increased. 

The city of Montreal is situated on the south-east side of CltyofMon- 
the island of the same name lying at the confluence of the 
Ottawa river with the St. Lawrence, and is on the left 

* For vessels to 10' draft 6,666. 
„ „ 18' to 20',, 11,270. 
„ „ 24',, 3,650. 

Q 
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THE LACHINE CANAL. 



Season. 



Original 
canal. 



Former En- 
largement. 



Cost. 



bank of the latter river. Its situation, at the junction of 
two great rivers, and where there is a break from ocean to 
inland traflSc, makes it the most important commercial 
centre of the dominion. Its population is now 108,000, 
which is rapidly increasing. At Montreal, the St. Lawrence 
is spanned by the celebrated " Victoria" tubular bridge. 

The navigation of the St. Lawrence is closed to sea-going 
vessels by ice for about 5 months of the year, generally from 
commencement of December to commencement of May. 

(&0 The Lachine Canal ^—^^^^^'^^^^^y above the city 

of Montreal occur the first rapids that bar the ascent of 
the river, known as the " Lachine" or " St. Louis" rapids, 
the fall in 8^ miles being nearly 45 feet, the greater part 
of which is concentrated into about 3 miles. To avoid 
these rapids the Lachine canal was constructed across the 
southern corner of the island from the city of Montreal to 
" lake St. Louis,'* a wide portion of the St. Lawrence. It 
was commenced in July, 1821, and in 1825 the first vessels 
were passed through. It was then 8 miles, 718 yards in 
length (including channel formed in the river by " wing- 
dam" above the "guard" lock), with a water breadth of 38 
feet and a depth of 5 feet, and had 7 cut-stone locks 100 
feet X 20 feet with 4J feet on the sills. Its cost was £109,601, 
of which £10,000 were contributed by the Imperial Govern- 
ment to secure free passage of its vessels and stores. 

The enlargement of the canal having been found necessary 
was commenced in 1843 and finished in 1848, the channel 
being the same length as before, the breadths at bottom 
80 feet, and at water surface 120 feet; the depth 10 feet. 
The number of locks was reduced to 5 witli a total lift of 
44f feet, their dimensions being 200 feet x 45 feet, the 
three upper ones having 9 feet on their sills, and the two 
lower ones 16 feet; this greater depth being given to admit 
the largest sea-going vessels, which it was then thought 
would come to Montreal, to the basins which were constructed 
in connection with the canal. 

The total cost of the new canal from its commencemeni 
to 1867 was £527,282. 



* Visited 27th to 30th June, 1876. 
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The canal commences at the harbor of Montreal. The Sgg^P*^^ 
enti-anoe is formed by a pier of crib-work, extending from 
the south wing of the lower lock into the river for 250 
feet, to which vessels can moor. 

Lock 1 has an extreme lift of 13 feet, and between it and 
Lock 2 is a basin, 580 feet x 180 feet, with dressed stone 
walls, along the northern side of which is a wharf. Lock 2, 
similar to Lock 1, lifts (13 feet) from this basin into anothe 
one (No, 2) which is 2,200 feet in length, and has a super- 
ficial area of nearly 14 J acres ; it is lined with masonry 
walls and has extensive wharfage. Out of this basin, at its 
north-western end, open two others (Nos. 3 and 4) which 
run parallel to each other and about 130 feet apart, their 
superficial area being 32,450 square feet and 50,000 square 
feet, respectively, with an aggregate of 3,590 lineal feet of 
docking. At 100 feet and 700 feet, respectively, above this 
basin (No. 2) two *' slips" or basins with ordinary slopes 
** pitched" open out of the canal and afford about 150,000 
superficial feet of accommodation to small craft and timber 
rafts. 

From Lock 2 the canal continues through the town for 
nearly a mile, flanked by mills and warehouses, to Lock 3, 
which has a lift of 8 feet 9 inches. 

Lock No. 4, which is 9,400 feet above No. 3, has a lift of 
9 feet. Near this lock are several mills, manufactories and 
elevators, worked by water from the canal.* 

Lock 5, (the "guard" lock), is about 4 J miles above No. 4, 



* ** The propriety of leasing the surplas water of the cajials i.s qaestion- 
able. It has been urged in its favor, that mannfactures are, by this means 
placed in immediate connection with the navigable waters, that it is a 
great advantage to mill owners to find ready to their purposes, An available 
water-power J and that it gives, at once, a direct revenue to the Govern- 
ment, in the shape of rent, as well as an indirect revenue arising from the 
increased general posperity. 

Admitting these advantages, there are, on the other hand, certain draw- 
backs. One of the greatest of these is the increased current created in 
the canal, and the consequent inconvenience to vessels passing through. 
This inconvenience is so much felt at the present time, that the evil far 
outweighs all the advantages — yet how much more must it be as the traffic 
through the canal increases." — (General report, Commissioner Public 
WorkB, 1867). 
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It opens into a channel formed by a crib-work pier or 
" wing-dam" 4,650 feet long, which extends up the river 
roughly parallel with the shore; this was constructed to 
raise the water at the entrance to the canal, and is used for 
mooring vessels to ; it has a small lighthouse at its extreme 
end. This channel leads into the expansion of the St. 
Lawrence, known as " lake St. Louis," where the chief 
channel of the Ottawa river comes in. The Lachine canal, 
therefore, accommodates the traffic of both rivers. 

Locks. All the locks are 200 feet in length and 45 feet in width 

between the quoins; the two lower ones, as already stated, 
having 16 feet depth on their sills, and the three upper ones 
9 feet. They are built of stone in hydraulic mortar and are 
founded on timber platforms under which, when the bottom 
was soft, a bed of concrete was laid. The water is admitted 
and let out of them through wickets in the gates only, 
there being four, 4 feet x 2 feet in each leaf, closed by cast 
iron turning valves worked by screw gearing at the top of 
the gate. The sills of both gates are at the same level, a 
•' breast" wall near the entrance to the upper bay retaining 
the bed of the canal. This system is adopted because 
elevated sills are unable to stand the shocks given to gates 
by heavy vessels. The gates on these locks are not un- 
frequently rammed away by largo vessels, but as no ma- 
sonry below water is thereby injured the damage done is 
easily repaired. 

All the sills are timber trusses. These are bolted down 
to large cross timbers lying in trenches 8 feet below the 
floor, the space between them and the flooring being filled 
with rammed puddle. The gates (two leaf) are not 
" framed," but are built up of solid longitudinal timbers, 
from 18 inches to 20 inches thick, bolted together by 
large iron bolts running through the whole height of the 
gate, and strengthened by vertical posts, or binders. There 
are no separate "heel" or ^* mitre" posts, the ends of 
the longitudinal gate timbers being shaped to the quoins 
and mitres. The gates move on a pivot at the heel and 
are suspended by a wrought iron strap on each side, 
attached by " turn-buckles" to a wrought iron strap passing 
round an iron pin held directly over the centre of revolution 
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by a timber which lies on, and is bolted to, the side wall. 
This system of entire suspension is found Very superior to 
that of letting the gates rest on rollers travelling on tracks, 
which frequently get obstructed by deposits. As a provi- 
sion to enable them to be worked in case of breaking of the 
suspension bars, the gates are sometimes provided with 
rollers which, whilst the gates are in suspension, are kept 
clear of the tracks. The tops of the gates are held in posi- 
tion by the ordinary arrangement of collars and anchors. 
They work with a smoothness and ease not often found with 
such large gates. The gates are opened and closed by drag 
chains worked by crabs, except in two cases, namely, the 
upper gates of Locks 1 and 3, to which the pole arrangement, 
so much in favor in Holland, has been fitted and acts most 
satisfactorily, two men working the ponderous gates with 
ease. The pole, which is a piece of hard wood, 8 inches 
broad X 5 inches thick, is fastened to the leaf about 10 feet 
from the mitre on a vertical pin or pivot, round which it 
can move. It travels over 3 friction rollers (1-3'^, 2'-4^, and 
S'-S" long, respectively,) on the coping. A chain fastened to 
each end of the pole is passed round the drum of a crab, 
which stands on the coping across the pole, so that when 
wound one way the pole is forced forwards, and when wound 
the other way it is dragged back, turning, as it travels, hori- 
zontally on the pin on the gate and accommodating itself to 
the varying directions due to the curved path of the gate. 
Under the crab the pole passes between two cheek pieces, 1 
foot 3 inches apart, which keep it from swinging wildly and 
also act as stops to a pin running through the pole at exactly 
the place which will bring the gate to its mitreing position • 
these are useful in holding a leaf if the other gets bumped 
open forwards, as is sometimes the case, by a heavy vessel 
against a pressure of water, assisting the clapping cell in 
holding the leaf till the other one springs back into position. 
This pole arrangement if used for lower gates is very liable 
to injury from boats in the chamber. 
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wwkittg ^ made some notes of the times of working the locks, of 

Locks. which the following is an abstract : — 

Lock 1, — Three large barges, fully laden with sawn timber, 
entered from above and 

Gates (with pole arrangement) commenced to be 

closed, one man to each leaf ... ... 11-39 

Gates quite closed (some delay caused by one of 
the boats getting in the way) ... ... 11-41 

Owing to some arranging among the boats, 
wickets in lower gates were not commenced 
to be opened till ... ... ... 11-50 

Wickets fully open (one man to each). . ... 11-51^ 

Commenced to open lower gates, 2 men to each 
crab .- ... ... ... ... 11-52|^ 

Gates fully open ... ... ... ... 11-54^ 

As the river was very full there was a drop of only about 
6 feet. 

Loch 2. — ^Lift 13 feet. Two boats, lightly laden, one (capa- 
city said to be 10,000 bushels of grain) 110 feet x 22 feet at 
broadest part, the other (capacity said to be 20,000 bushels 
of grain) 150 feet X 26 feet entered the lock from below and 

Lower gates shut ... ... ... ... 4-25^ 

Commenced to open upper wickets, each hard 

work for one man ... ... ... 4-28 

Wickets fully open.., ... ... ... 4-30 

Commenced to open upper gates, 2 men to each 
• crab ... • • ... ... ... 4-33 

Upper gates fully open ... ... ... 4-34} 

Lock 3.— Lift 8-9". Grain boat, carrying 21,000 

bushels of wheat, entered from above ... ... 11-12J 

Upper gates shut (pole arrangement)... ... 11-14 

Commenced to open lower wickets ... ... 1 1-16 J 

Do, do. do. gates ... ... 11-19 

Lower gates fully open ... .• ... ll-20f 

Boat clear out ... •. ... ,„ ll-23f 
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As the canal is used by schooners with high fixed masts, swing Bridge* 
and by steamers with hurricane decks, all the bridges on it 
have to swing open. There are six of them belonging to the 
canal, (and one wrought-iron girder bridge of the Grand 
Trunk Railroad), three of them over locks. They are all 
timber trusses, varying from 79 feet to 86 feet in length and 
from 11 J feet to 15| feet width of roadway. One, over lock 
2, is worked by water-power from the canal, one by horae- 
power, and four by gearing worked by hand. Their general 
construction is thus described by Mr. J. G. Sippell (in his 
report of 31st August, 1867) : — • 

" The timber bridges are formed of string pieces, braced horizontally with 
timber and iron cross braces, the side of the bridge forming a vertical trass, 
composed of diagonal cross braces of timber, placed between the stringers 
and top rail, held in their places by iron tie bolts, with nut and screw at 
each end. A ballast box is formed at the heel of the bridge to connter- 
balance the weight of the toe. There is a gallows frame erected at the 
piyot beam, oyer which the suspension chains pass, for supporting the toe 
of the bridge* when open. The length of these chains is graduated by 
means of screw buckles. There are two rollers attached to the heel of the 
bridge, traversing on an outer segment of cast iron, secured to a stone 
foundation. EoUers are also placed near the centre of the bridge, travers- 
ing on an inner segment, secured to the stone pier, for supporting the 
pivot. On the smaller bridges this pivot is placed in the centre of the 
pivot beam, and 8 feet 8 inches from the face of the abutment wall ; but, 
on the two larger bridges, at Montreal, they are placed at the side, about 
two feet from the face of the wall, and secured to the under surface of the 
corbel below the stringer." 

The canal is closed by ice generally from the commence- season, 
ment of December to the commencement of May ; the average 
length of the open season for the last 25 years has been 219 
days. 

For some years past the advisability of enlarging all the Enlargement 
St. Lawrence canals to dimensions which will allow the 
passage of the largest vessels navigating the lakes, has been 
under discussion. On one side it has been urged that such 
a step is unnecessary because the present system of tran- 
shipment from large vessels into smaller ones or barges at 
Kingston for transit to Montreal is, and will continue to be, 
the most profitable, as return cargoes are light and as it is 
not advisable for sailing vessels to proceed further than 
where they can use their sails to. On the other side it is 
contended — (1.) That *' large vessels are more profitable than 
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eastern en'd of the widening known as " Lake St. Francis,'^ 
just above the Cfiteau rapids. Its prism is 80 feet at botton>y 
120 feet at water surface with 10 feet depth. It has 9 
locks, like those of the Lachine canal, 200 feet X 45 feet 
with 9 feet on the sills, with a total lift of 82 J feet. 

The locks on this canal are so like the existing ones oa 
the Lachine canal, already described, that no separate des- 
cription is necessary, but as possibly of interest I will give 
Time occupied m^"^ notes of the time occupied in passing each of them and 

in vftssinsT j. i. ^ 

Canal. through the whole canal, in a steamer. The vessel " The 

Passport" is a side- wheel steamer, 181 feet in length over all, 
44 feet in breadth over paddle boxes, and of 346 tons register 
under main deck. She carries at some 10 feet above her 
main deck another one on which are passenger saloons and 
cabins (*' State-rooms'^), and the roof over these forma 
another deck from which the steering is done. — 

5th July, 1876. h. m. 

Entered 1st Lock, (lift about II feet) ... 1-46 
Commenced to open upper gates... ... 1-52 

Out of lock ... ... ... ... 1-56 

Entered 2nd Lock (11 feet Hft), 1,130 feet 

above 1st ... ... ... 1-59 

Out of lock .. ... ,.. ... 2-9J 

Entered 3rd Lock (lO^j^ lift), 900 feet 

above 2nd ... ... ... 2-13 

Out of lock ... ... ... ... 2-25 

Entered Uh Lock (lOJ feet lift), 1,380 feet 

above 3rd ... ... ... 2-28^ 

Out of lock ... ... ... ... 2-37i 

Entered 5th Lock (10 feet lift), 1,320 feet 

above 4th ... ... ... 2-41 

Out of lock ... ... ... ... 2-54 

(Note. — Total time in passing 5 locks, 
and about | mile between them, 1 
hour 8 minutes.) 

Entered 6th Lock (8 feet lift), 5,440 feet 

above 5th ... ... ... 3- 6 

Out of lock ... ... ... ... 3-17 
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Entered 1th Lock (10^ feet lift), 5,490 




feet above 6th 


. 3-30 


Out of lock ... 


3.40J 


Entered ith Loch (9i feet lift), 10,200 




feet above 7th 


4-7i 


Out of lock ... 


4.14i 


Entered mh Lock (2 feet lift), 6 miles 




above 8th.., 


5.17i 


Out of lock ... 


5-27 



From this (9th) Lock to head of canal is 
3,160 feet. 

Clear out of canal ... ... ... 5-45 

Ten minutes were occupied above Lock 9 in taking in 
firewood, exclusive of which the total time occupied in 
passing through the 11 J miles of canal and its 9 locks was 3 
hours 50 minutes. The speed of the steamer on the. river 
was 11 miles an hour, so that the delay caused by this 
canal was 2 hours 48 minutes. Of this one hour was due 
to the lessened speed necessary in the canal, 5^ miles an 
hour being the highest average speed attained to in its long 
reaches ; 1 hour 32i minutes were due to the time actually 
occupied in passing through the locks ; and 15^^ minutes 
were due indirectly to them, from the necessary extra re- 
duction in speed in approaching and leaving them. The 
total delay due to all the locks was, therefore, 1 hour 47i 
minutes, or say, 12 minutes to each one. 

The other principal works on this canal are — (Jther chief 

StractnreB 
13 Weirs. ennmerated, 

9 Timber swing bridges (8 of them over locks). 
10 Culverts under the canal. 

All of these are in general construction like those noticed 
on the Lachine canal. 

I noticed two *' Ferry Scows," very like our Godavery perry Scows. 
*^ ballakats,'* plying across the canal, for which recesses in 
the banks with planked vertical sides were provided. 
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the trip in 4| hours, and those which pass np through the canals and 
parts of the river between them occupy generally about 6^ hours and 
loaded propellers bound upwards require from 9 to 10 hours between 
the same places." 

Estimated^ It is estimated that the cost of improving and enlarging 

^^' the Williamsburgh canals to the same capacity as the new 

Lachine canal would cost £527,000, and that the necessary 

deepening of a channel through the river-reaches between 

them would cost £131,250. 

Havigation of From the Galops rapids to the head of the St. Lawrence 
the river . . 

above the Oa- proper at lake Ontario, a distance of 66 miles, the navigation 

of the river is unobstructed though the channel is somewhat 

intricate especially where it winds amongst the lovely 

" Thousand Islands." 

Passenger and lightly-laden steamers, with powerful 
engines, descend the St, Lawrence " shooting" or " running, 
the rapids," without passing through any of the canals, but 
they have to make use of them all (except the Williams- 
burgh canals, as already noticed,) in ascending. I went (4th 
July, 1876,) down the river from Prescott to Montreal on a 
large passenger steamer, which " shot" all the rapids and 
took only 8 J hours in doing the distance (119 miles), and I 
went (5th July)' up the river in her between the same places, 
using all the canals except the Williamsburgh ones, the 
voyage occupying 22 hours. 

(/) The Wei land Canal. *— The surplus waters of all the 
great lake basin west of lake Ontario flow into it from lake 
Erie by the Niagara river, falling 330 feet in its course of 
35 miles. West of that river there is, between the over- 
lapping ends of the two lakes, a narrow neck of land; 
through this is cut the Welland canal. It runs nearly 
north and south, its southern entrance at Port Colborne on 
lake Erie being 18 miles west of the head of the Niagara 
river, and its northern entrance at Port Dalhousie on lake 
Ontario being 11 miles west of the end of that river. 

The original canal did not run directly from lake to lake, 
but from lake Ontario to the Welland river just above its 
junction with the Niagara river. It was constructed by a 



Situation. 



Original 
Canal. 



♦ Visited 17th to 22nd July, 1876. 
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Company, assisted by the Government, and was opened in 
November, 1829. It passed vessels of 85 tons burden. In 
1831, the Government granted a loan of £50,000 for improv- 
ing the canal and continuing it from the Welland river for Enlargement 
® to present 

6^ miles to Port Colborne, and in 1833 was opened whatcw^al' 
may be considei'ed as the present canal, which, however, has 
since that time been considerably improved. The locks 
then were all of wood and varying from 110 feet x 22 feet 
to 130 feet x 32 feet. In 1841, the Government, having 
previously made various loans to the Company, bought all 
the stock and acquired sole possession of the canal, the 
total cost to the Government of the works being £462,857. 
Between 1843 and 1845 enlarged stone-locks, 150 feet x 
26^ feet, with 9 feet on the sills, were constructed, and at 
various times improvements have been carried out at a cost 
of £1,266,675, which have brought the canal to its present 
condition. 

The entrance from lake Erie is formed by piers of crib, Deacription of 

ezisting cftn&l 

work, the western one running m a south-westerly direction goini north- 
for 1,600 feet and the eastern one in a southerly direction 
for 500 feet from the shore line, where they are 150 feet apart. 
From the land end of these piers there is a basin, 1,475 feet 
long, with an average width of 265 feet and a depth varying 
according to the level of the lake from 11 feet to 18f feet. 
At the end of this basin is the " Port Colborne Lock (No. 27), 
with an ordinary lift of 8 feet to what is known as the 
" summit-level/* It will thus be seen that the canal is not 
a continuous descent to lake Ontario and cannot, therefore, 
draw its supply from lake Erie. In order to lessen the 
depth of cutting {now 45 feet) through the highest part of 
the dividing ridge between the lakes, the supply for the 
canal was arranged from the " Grand Kiver,'* which empties 
into lake Erie at port Maitland, 17 miles west of port Col- 
borne. This river is dammed about 5 miles above its mouth, 
its waters being thereby raised to a level which admits of 
the canal surface being maintained about 8 feet above the 
ordinary lake level. The channel down which the supply 
water is brought is, from its head at the town of Dunville 
to the Welland canal, 21 miles long and is navigable, with 
depth 9 feet, for its whole length. Five miles from its upper 

s 
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end^is a navigable branch which locks into the lake at port 
Maitland. The supply obtained by this existing arrangement 
is in dry seasons found to be barely enough to keep navigation 
going. The " summit-level" extends from Lock 27 before- 
mentioned, for 14^ miles to the Allanburgh Lock (No. 26). 
For 1| miles from Lock 27 there is a heavy rock-cutting 
through stratified limestone. The feeder joins at 7 miles 
along this reach, and about a mile beyond it the ^' Welland" 
(or '* Chippewa") river is crossed by a masonry aqueduct of 
4 arches of 40 feet span and 7 feet rise. As the river is 
navigable by light lake-going craft for some 10 miles higher 
up than where the aqueduct crosses and blocks it, a short 
branch canal, with a lock of 17 feet droj>, communicates with 
it. For 3f miles beyond the aqueduct the canal keeps close 
to the left bank of the Welland (Chippewa) river to port 
Eobinson, where there is another short side-cut and lock into 
the river 8| miles above its mouth at Chippewa, a small 
port on the Niagara river 15 miles from its head on lake 
Erie and about two miles above the falls. 

Thus the canal has three separate navigable entrances from 
lake Erie, viz., port Colborne, port Maitland and Chippewa ; 
the first, however, being the only one much used by navi- 
gation. At port Robinson a deep cutting commences and 
continues for 2;^ miles to Allanburgh Lock (No. 26), about 
If miles of the distance being known as '' The Deep Cut," 
in which the bottom of the canal is 45 feet below the origi- 
nal surface of the ground and about 60 feet below the pre^ 
sent surface, that having been raised by spoil. This cut is 
through stiflF clay resting on an unstable sub-stratum resem- 
bling quicksand, and numerous slides have caused great 
trouble and expense. At 500 feet above the Allanburgh 
lock there are guard gates which serve to retain the water 
in the " deep cut" at a uniform level, and thereby lessen the 
liability to slides ; they also prevent any serious catastrophe 
from the emptying of all the water in the long " summit- 
lever' and feeder when, as is sometimes the case, the gates 
of the drop lock are torn away by ill-managed steamers. 
These guard gates are not allowed to be open when any 
vessel is in the lock or approaching it from the upper reach. 
The Allanburgh lock drops the level 15i feet to a reach Si 
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miles long, which crosses the " Beaver Dams Creek" valley 
between high embankments, then passes through a natural 
sheet of water known as " Marlatt's Pond," and ends at 
Thorold Lock (No. 25), just before which are guard gates 
similar to those above Lock 26. The canal then passes 
through the village of Thorold, and in the next 5f miles 
descends 306 feet, by means of 24 locks, to the ** 12 mile 
Creek." This creek having been dammed at its outlet 
into lake Ontario a " pond" has been formed, 3^ miles in 
length, reaching up to the town of " St. Catharine's." Into 
this " pond" the canal drops, as above stated, and from it a 
Lock (No. 1) passes the navigation out of an *' inner basin" 
of some 40 acres in extent into the *' outer basin" and lake 
Ontario at " Port Dalhousie." This outer basin is 8 acres 
in area, and from it crib-work piers, 1,800 feet long and 200 
feet apart, run into deep water, the channel between them 
being kept dredged to the required depth. 

*' The harbor is easy of access and egress in almost any wind. There is 
no perceptible current to contend with, and inside it is well sheltered by 
the high lands on the east and west sides." — (Extract from Chief Engineer's 
Eeport, 29th April, 1872,) 

The present canal is regulated throughout for the passage ^'^^^^V^l^ 
of vessels of 145 feet long, 26 feet broad and 19 feet draught. cw*»* 
The largest vessels which use it are of about 400 tons, but 
seldom carry more than 300 tons, or 4,000 barrels of flour, 
or 18,000 bushels of grain* 

The bottom breadth of the canal varies from 50 feet to Breadths of 
70 feet ; in the rock-cutting, where the sides are perpendi- 
cular, it is 58 feet; through the remainder of the "summit- 
level," including the " deep cut," it is 50 feet. 

The locks are all 150 feet x 26 J feet, except Nos 1 and 2, locks, 
which are 200 feet x 45 feet, and No. 27 which is 230 feet 
X 45 feet ; the least depth on sills is 10 feet. A detail des- 
cription of these locks and other existing works is consider- 
ed unnecessary as they resemble generally those on the 
Lachine canal, and the new locks, Ac, now being built, will 
be fully described. 

I will give, however, some notes of observations of passage Time occupied 
of vessels through Locks 3 and 2, the former 150 feet X 26| thwughlSckB. 
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feet and about 12 feet lift, and the latter 200 feet X 45 feet 
and about lO'-G" lift. 

A large 3 masted schooner " Oliver Mowatt," 400 tons, 
drawing 9 feet, loaded with '* lumber" going downwards 
(northwards), towed by 4 horses, entered Lock 3 at 9 hours 
J 8 minutes. Her jib-boom was run in and her bow-sprit 
lifted by tackle attached to the foretop by an arrangement 
common to all the craft which use the canal. 

(22nd July, 1876) h. m. 

Upper gates of lock closed ... ... ... 9-19;^ 

Commenced to open lower valves (2 in each leaf 

worked by screws) ... ... ... 9-20| 

Commenced to open lower gates (1 man to each 

leai )... •.. •.. ••* ••• «/— Ov/x 

Schooner clear out ... ... •••9-42 

The time occupied in passing out of the lock after the 
gates were opened may appear extraordinarily long, but no 
time was unnecessarily lost about it. The getting way on 
such a vessel, with 4 horses straining even to their utmost, 
is slow work, and there being but two or three feet clear on 
either side for water to pass back into the lock to take her 
place as the vessel moved forward, the rush along her sides 
was so great as to drag her back, and to prevent more than 
very gradual movement. 

Between Locks 3 and 2 some of the twists in the channel 

(the natural course of the "12 mile creek**) are so sharp, 

that in order to turn them the schooner above-named had to 

get hawsers out to bollards (*' snubbing posts"). She arrived 

at Lock 2, 47 minutes after leaving lock 3, the distance is a 

mile, and she was towed by 4 horses : — 

h, m. 

Fairly in iocA; 2... ... ... ... 10-31^ 

Upper gates shut ... ... ... 10-33^ 

Commenced to open lower valves (3 in each 

xeax ) ... ..« ... ... ••• i.\/^i)o ^ 

Lower gates fully open ... ... ... 10-40 

Schooner clear out] ... ... ... 10-47 

There being in this wide lock (45') a fair space for the 
water to flow back between the side walls and the vessel, she 
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moved out of this lock with much greater ease than she did 
out of the smaller one. 

Through the same Lock (No. 2). — Large 3-masted schooner 
" R, Norwood" going southwards light, drawing only 4 feet, 
(but when fully laden* drawing 10'-3" as water-mark show- 
ed) came up to the lock just as the " Oliver Mowatt" was 
entering from above, and therefore had to make fast to bank 
below lock and wait. 

h. m. 
She unmoored and 4 horses commenced to pull 

at her at ... ... ... ... 10-50 

Got fairly into the lock ... ... ... 10-58 

Lower gates closed ... ».. ... 10-59 J 

Clear out of lock ... ... ... ... 11-9 

Same lock, screw steamer '' Empire," drawing 9 J feet, going 

northwards with, it was said, 20,000 bushels — 

h, m. 
Entered the lock and gates shut ... ... 11-14 

Lower gates open ... ... ... 11-20 

Fairly out ... ... ... ... 11-21| 

It will be seen that it takes a steamer only about a quarter 
of the time that it takes a vessel towed by horses to get out 
of a lock. The delay caused by each lock on the canal is 
generally stated as 20 minutes, but as all the locks but three Towing, 
are of the same size as No. 3, I consider that, including re- 
duction of speed on approaching and leaving, each lock 
delays large sailing vessels not less on an average than half 
an hour. 

Thouo;h the towino^ on the short reaches between the locks 
is generally done by horses, on the long reach from Port 
Colborne to AUanburgh, 14J miles, it is generally done by 
steam tugs. One of these I saw on that reach towing one 
large 3-masted schooner and two 2-masted schooners, all 
fully laden going towards lake Ontario. Another tug I 
saw take a large 3-masted schooner, lightly laden going 
towards lake Erie, from the guard lock to Welland, 6^ miles 
in one hour and 10 minutes, with heavily laden vessels the 
same distance takes, I was told, upwards of 2 hours, and the 



^ Said to cany 18,000 bushels on lake and 16,000 on canal. 
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trip through the whole canal takes laden sailing vessels 
towed, from 30 to 48 hours, and steamers from 20 to 24 
hours. 

Increase in For some years after the construction of the existing locks 

size of lake 

vessels. the Welland canal could be used by all craft on the lakes, 

but as it has of late years become recognized that freight 
can be carried over the thousand miles from the head of 
lake Michigan to the foot of lake Erie far more profitably 
in hirge than in small vessels there have been gradually 
placed on the trade numbers of vessels, chiefly " propellers" 
(the local name for screw steamers) which are too large to 

pass through the canal, and now, it is said, three-fourths of 
the tonnage employed on the lake traffic cannot pass to lake 
Ontario, Arrived at the eastern end of lake Erie and un- 
able to proceed further without transhipment, it is not sur- 
prising that the greater portion of the contents of these ves- 
sels goes to New York from Buffalo by the railways which 
centre there, or by the Erie canal, the eastward going freight 
of which is double that of the Welland canal. Canada is deter- 
mined to alter this, to turn the immense and daily increasing 
stream of western traffic more into Canadian channels and 
Enlargement to make Montreal instead of New York the great grain 
exporting port of the North American Continent. With 
these objects in view she has undertaken, at an expense 
estimated at £2,310,000, the fitting of the Welland canal for 
the largest vessels navigating or likely to navigate the lakes. 
The splendid works by which this is to be accomplished, I had 
by the great courtesy of Mr. Monro, the Eesident Engineer, 
every facility for inspecting. They were in all stages of 
progress and, therefore, particularly instructive, and I spent 
some days on them. Before noticing individual works it 
will be advisable to give a general view of the improvements 
intended. 

Prism. The prism of the canal is to be made with an average 

bottom width of 100 feet and a depth of 13 feet. 

Locks. AH locks are to be 270 feet x 45 feet, with least depth of 

12 feet on sills. 




THE WELLAND CANAL. 



145 



The Erie lake harbor ^* Port Colborne" is to be improv- Port Coiborne 
ed by means of a breakwater, and a secure harbor of 40 
acres formed. The inner basin from shore-end of the piers 
is to be made 2,200 feet long with an area of lU acres. At J^JjeJ^rtetobe 
the end of this will be situated the new " guard" lock P^y* 
and supply weir, for the whole supply for the canal is to be 
drawn from lake Erie, so that there can never be any scarcity . 
of water, and the lockage will be reduced by about 16 feet, 
as it will be continuously descending instead of having a 
" summit-level," as is now the case. The existing line of 
canal will be increased to the required dimensions as far as 
" Marlatt's Pond," (see description of existing canal), which 
is situated just above the edge of the '^ Niagara Escarp- 
ment," that faces lake Ontario. There the existing canal 
is left, and an entirely new one is being formed to lake Onta- 
rio. It passes through a ravine forming the head of the "10 
mile creek," then descends the escarpment above-mentioned 
by means of 23 locks dropping 308 feet, and after a course of 
85 miles (about f mile less than by present line) re-joins the 
existingline at the pond above the Lock (No. 1) at Dalhousie 
harbor. This pond is 12 feet above lake level, covers 40 
acres and makes a secure inner harbor ; it is to be deepened 
where necessary. A new lock close to the existing one will 
drop from this inner into the outer harbor or '^ basin," 
which is to be increased from 8 to 16 acres, and from it a 
channel, 200 feet wide, runs between crib-work piers for 
1,800 feet into deep water. The estimated cost of all the Estimated 
new works is £2,310,000, and it was anticipated that they worka. 
would be finished in about 4 years from time of commence- 
ment ; but this anticipation was undoubtedly too sanguine, 
and by the time the whole undertaking is completed it will 
probably have been in hand nearer 8 than 4 years. 

The location of the new line, the difficulty of which was location of 
increased by the necessity for crossing the " Great Western P.i®coo^t^o 
Eailway," and the " Welland Railway'* twice, is that select- 
ed by Mr. Munro, and approved and supported by Mr. Pao-e, 
the Chief Engineer of the Dominion. It was not finally de- 
termined on till after a warm discussion between Mr. Page 
and a Commission of Engineers appointed by the Govern- 
ment to report on the subject. The laying out of this diffi- 
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cult bit of canal line was governed to a large extent by the 
following wise views : — 

(1). The keeping the locks separate, as ^* combined*' 
locks delay vessels waiting their turn more than do single 
ones, and because accidents to ** combined" locks are more 
serious in their results, especially with large heavily-laden 
vessels, than are those to single locks. — All the locks will 

be single. 

(2). The keeping the locks such distances apart that the 
reaches between them may not be much affected by the 
drain when the lock at lower end of the i-each is being filled, 
and may have room for waiting vessels. The shortest i-each 
is 660 feet long ; there are five reaches between 700 feet and 
800 feet long ; 7 between 800 and 900 feet long, and the rest 
are considerably more. 

(3). The provision of '* side reservoirs" or *' pockets" to 
all short reaches in order still further to reduce tiie variation 
of depth caused by lockage. 

Such side reservoirs are provided to all the reaches but 
five ; they are situated immediately below the regulating 
weirs which stand nearly opposite their respective locks. 
The channels leading to the weirs and from the reservoirs 
have their openings in the canal bank some distance above 
and below the locks, and over these openings the tow-path is 
carried by bridges. The 5 reaches which have not side re- 
servoirs have a separate channel or " race-way" through 
which to pass on water. 

The works of the new portion of the canal from Marlatt s 
pond to lake Ontario were commenced in August, 1873, and 
when I visited them, in July 1876, were in full swing. 
They are being carried out in 12 sections by contractors 
under the immediate supervision of Mr. Munro and a staff 
Progress of of inspectors. The estimated quantities and those done to 

work to date . . 

of visit. date were given me as — 

Cubic yards. Cubic yards. 

Earth-work— estimated 3,500,000— done 2,579,719 
Rock „ 175,000 „ 68,306 

Masonry „ 330,000 „ 98,742 
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Timber — estimated 



Planking 
Cost 



» 



» 



J 



Cubic feet. Cubic feet, 

1 ,000,000— done 399, 996 

f *Board \ ( Board 

\ measure. J ( measure. 

4,000,000 „ 1,306,105 

£ 1,295,000 „ £ 650,000 

The general prism of the canal is shown in the sketch ?"»» ®^ "®^ 
below. 
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The side slopes in earth-cutting are 2 to 1, the made bank 
being carried up at the same slope and without being set back 
on aberm or " cess." There is a tow-path on each side of the 
canal, 15 feet wide at top and 4 feet above water surface, 
the natural ground being cut down to that level and width 
when the excavation is more than 17 feet deep. The water 
faces are not to be revetted from the bottom, but at 2 feet 
below water surface a nick 3 feet wide is cut, from the back 
of which the earth is sloped till it meets the true face of 
the bank 3 feet above water, and the triangular notch thus 
made is to be filled in with large-sized quarry chips. This 
inexpensive protection against wash has, I was informed, 
been found to answer well on canals, but I should have 
thought that it was founded too little below the surface to 
be secure from the action of " uuder-tow," and it probably 
would not last long on a steeper slope. 

In all earth excavations I found ploughs used to loosen ''Excavators." 
the soil which was then removed in various ways. One of 
these was by a wooden scoop like a wheel-barrow with a 
strong curved bottom, with no wheels and no front board, 
but having an iron protected front edge. This is dragged 

through the ploughed-up soil by 2 horses, its handles being 

■ »^i^—— — ■ ^ — ^— ■■ 

* 1 square foot superficial by 1 inch thick. 

T 
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held by the driver who thereby directs the edge into or 
keeps it out of the soil, and tips the scoop when the ** dump- 
ing" place is reached. 

Another contrivance was an ^' excavator" dragged through 
the ploughed-up soil by 4 horses and when filled taken to the 

• 

" dumping" place by 2 horses, the leaders having been un- 
hitched and put on to another excavator. This consists of 
two deep iron scoops, one behind the other, attached to a 
frame on wheels by chains and gearing, arranged so that the 
scoops can separately be turned on their axes and so have 
their cutting edges brought to bear on the ploughed-up sur- 
face, or lifted clear of it, or be turned completely upside 
down and emptied. One scoop being filled is raised and the 
other one is brought to bear and fiUed, and that being rais- 
ed the whole machine is taken off to the dumping ground. 
The driver sits on the pole of the machine and another man 
has to attend to the lowering and raising of the scoops, but 
the upsetting is done by the driver. It is said that one of 
these "excavators" worked by one team of horses will re- 
move 50 cubic yards a day with short lead, and I think that 
possible in dry loose soil ; the soil was wet and sticky 
when I saw the work, and 4 strong horses could drag the 
machine only slowly and with frequent rests. 

In deep cuttings where a face could be obtained the 
" Osgood" (or " Otis") scoop, already described, worked by 
a portable steam engine on a platform running on rails, 
was doing capital work, tearing down the earth in masses 
and loading into carts and trucks with great rapidity. 
The same machine was also working in the heavy rock- 
cutting at the summit of " the mountain," (local name for 
the " Niagara Escarpment,") the stratified limestone being 
shaken and shattered for it by small blasts put into holes 
made by steam drills to which steam was supplied from the 
boiler of the engine working the scoop. The contractors' 
agent told me that where the rock is " shelly" this is by 
far the cheapest way of getting it out, but that where he 
was then working, he considered the rock too solid for satis- 
factory working of the machine, and this certainly appeared 
to be the case, the racking of the whole apparatus being 
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severe and the scoop seldom fairly filling itself. I saw one 
of these " Osgood" (in Canada known as '* Otis") dredges 
deepening the channel in the Dalhousie harbor. The depth 
was about 13 feet, and the bottom stiff clay which she was 
bringing up and loading into "scows," or mud barges, mther 
faster than a dipper a minute. Each dipper held 2 cubic 
yards, and it is said that her ordinary work a day in such 
soil was 1,000 cubic yards. The dredged stuff was being 
used for backing the docking cribs or being towed by a 
steam tug into deep water and there discharged into the 
lake. 

Of the 24 locks, 3 only were not commenced, 1 was quite gescription of 
finished as regards the masonry, and the others were in 
various stages of progress, from excavation of foundations 
to putting on of coping. They are all, even those found- 
ed on stratified limestone, being built on wooden platforms 
extending under the whole work, chambers, bays, and walls. 
These platforms are made thus. Pine timbers 12 inches 
square running across the full width of the work are laid 6 
inches apart, and the spaces between them filled with pud- 
dle or concrete, except under the gate sill trusses where 
for 14 feet in breadth they are placed side by side and 
screwed together by 5 wrought iron screw-bolts passing 
horizontally through them all and ending in double nuts 
and washers, by which a connection is formed with shackle 
bolts secured to the anchor timbers at the bottom of the 
sheet pile trenches. On the timbers or joists (except for the 
14 feet under the sill trusses) is laid, a carefully fitted floor- 
ing of 3 inch pine planks extending over the whole area of 
the foundation, with a second course of 2 inch planks 
between the side walls and forming the floor of the chamber 
and bays. A row of sheet piling 5 feet in depth is placed 
across the work, at the lower end of the tail bay and at 
the upper and lower ends of each sill. At the foot of each 
row of these piles at the sills is laid a baulk of timber 12 
inches square, through which run vertical bolts to anchor 
down the sill platforms already described. The trenches in 
which these baulks are laid are filled up with rammed pud- 
dle. On sound rock these rows of sheet piles are replaced 
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by timbers, called "stop-waters'* 12 inches wide, let 4 inches 
into the rock, and the sills are bolted down to the rock. 
When the bottom is very soft there is placed under the 
whole wooden platform one of concrete composed of 1 
cement and 2 of sand made into mortar and then mixed 
with 3 of broken stone, all the materials being run down 
slides and mixed in the foundations. 

The chamber walls are 10 feet wide at bottom with a 
front batter of i inch in a foot, plumb at back to 5 feet 
from top when the '* frost batter" run in to coping width, 
4 feet. Counterforts 3 feet deep and 6 feet long in line of 
wall are placed at every 12 feet and carried up to the 
bottom of the frost batter. The walls of the gate re- 
cesses are 11 feet wide at bottom and have no counter- 
forts, and for 11 feet at each end the frost batter is 
done away with to allow of chain wells and to strengthen 
for thrust of gates. The wings, which are carried up to the 
same height (2 feet above water level of upper reach) as 
the lock walls, have a curved splay which gives a width 
of 60 feet to entrance of each bay ; they are only 25 feet 
long, but from their ends separate wings or retaining 
walls will be built with curves spreading to the full 
width of the canal. The whole floor, tail-bay, chamber, 
and head bay, is at the same level, viz., Itl feet 1 inch 
below surface of lower water and both clapping sills are 
12 inches above the floor, so that both gates will be of 
same height. The bed of the upper reach is retained 
by a ^* breast" wall 13 feet 7 inches high above floor- 
ing built across the head of the upper bay, but not 
bonded with the lock walls — this breast wall is 7 feet wide 
at bottom and 3 feet at top, plumb up-stream, battered in 
rear. At 6 feet behind this wall a line of planks, slipped 
into grooves or "checks" in the walls, is placed across the 
bay forming a " mud pocket" between it and the breast wall. 
All the side walls are carried up to 2 feet above high water 
and are therefore 27 feet, 29 feet or 30 feet high above floor 
according as the lift of the lock is 12, 14 or 15 feet, of the 
first there will be 8 locks, of the second 15, of the last L 

The sills are timber trusses of white oak, 19 inches x 19 
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inches let 3 inches into the timbers of the sill platform and 
therefore standing 11 inches* above the floor. 

The tie beam is let 2 feet into the side wall at each end. 
All the timbers of the truss are joined by iron straps 
3i inches wide x ft inch thick let in flush and the whole 
sill is bolted down, by li inch bolts 2 feet 4 inches long and 
" ragged" at the end, to the sill platform which, as already 
described, is tied down to the anchor timbers. The. first 
course of flooring planks is checked into the sill trusses. 
The masonry of these locks is massive and handsome. The 
mortar used is composed of one part hydraulic cement, made 
from stone obtained near at hand, and two parts of coarse 
sand. The stone is generally a blue limestone quarried near 
the line where it ascends the steep face of the escarpment, 
but a lighter grey limestone brought by the Welland rail- 
way from the bank of the Niagara river is being used in the 
lower locks, and many of the massive coping stones are 
being brought from point " Pel^e" on lake Erie. From the 
lower end of a lock to 6 feet above the lower gate recess 
quoins and from the upper end to 12 feet below the upper 
gate hollow quoins the face work is of " Cut Stone" with 
true arrises, joints about -j^ inch, laid in regular courses 
varying from 12 inches to 30 inches in thickness, the thick- 
est courses at the bottom and no course thicker than any 
below it, a system which, whilst allowing the use of stones 
of many dififerent thicknesses, gives as finished an appear- 
ance as if all the courses were of the same thickness. In 
this " cut-stone'' work the stretchers are not less than 2 feet 
in depth of bed, back from face, nor less than 3 feet length 
efface. The headers which are not further apart than 11 
feet from centre to centre are not less than 2 feet length on 
face and 4i feet depth of bed, no vertical joints are allowed 
nearer to each other than 12 inches. 

Between the portions faced with cut-stone the chamber 
walls are faced with work very similar but not quite so 



* 3 inches into timbers. 
3 inches 1st course planking. 
2 inches 2nd course planking. 

8 inches from 19 » 11. 
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finished or massive, called ^' coui'sed-work." Stones 2 feet 
length of face and 20 inches in depth of bed, 9 inch courses 
and I inch joints being allowed. The hollow and recess 
quoins are formed of alternate headers and stretchers, the 
former at least 4^ feet on face and 5^ feet depth back of 
bed, and the latter 5^ feet face and 4^ feet bed, the top stones 
being not less than 6^ feet square and 2 feet thick. 

The coping stones are all through stones (4 feet) on the 
chamber walls and not less than 4 feet long and 15 inches 
thick. I measured some of these splendid slabs and found 
them upwards of 24 square feet in area and 1^ foot thick. 
All *' backing'^ consists of stones not less than 4 square feet 
in area and 6 inches thick, laid level, no " pinning" being 
allowed. The stones used on these works are too large to 
handle by manual labor and are lifted and placed by der- 
ricks of different descriptions, some running on rails along 
back of walls, some with double arms along floor of chamber, 
gome worked by men, some by horses, and some by steam. 
Three feet thickness of puddle is put in at the back of the 
walls. 

Gates. The gates are to be generally like those of the Lachine 

canal already described and of which a drawing is sent. 
They will be worked by drag chains attached to them near 
the ends of the second bars from the bottom, and running 
through and up shafts to crab winches bolted to the coping. 
In each leaf between the lower oak bars there will be two 
openings, 8f feet long + 2^ feet high, in which will be fitted 
wrought iron frames with centre vertical bar dividing the 

openings into two which will be closed by a pair of cast 
iron valves turning on horizontal axes, each pair being ac- 
tuated by a branched cranked rod, running up through 
guides on the face of the gate to a screw shaft working in a 
screw box attached to the top of the gate. These valves 
will provide the only means of filling and emptying the 
locks, the Chief Engineer having decided against the use o£ 
culverts through the side walls. On this subject he says 
in a letter, dated 12th March, 1873, to the Secretary of 
Public Works, — 

" The plan first mentioned (tunnels in side-walls) was adopted 
in the locks on the Ottawa Canals, upwards of forty years ago ; 
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but it was found that the action of the water, together with 
that of frost, injure the walls to such an extent, that in order to 
save them from being entirely destroyed, it became necessary to fill 
up the tunnels, and introduce the water through sluices placed in 
the gates. Although tunnels no doubt answer well in some countries, 
they are nevertheless found to be quite objectionable where the 
action of frost is so trying and severe as in Canada. 

On the St. Lawrence and Welland Canals, which were constructed 
long after those above referred to were in use ; the water for filling 
or emptying the locks is passed wholly through sluices in the gates. 
This mode of effecting the object has been found to answer a very 
good purpose, besides possessing the advantage of being rapidly over- 
hauled and repaired." 

In connection with each lock, and at a short distance from Beguiatins: 

IIITgits 

it, there is to be a *' regulating weir," to which a channel 
taken off some distance above the lock will convey the water 
to be passed on. In rear of the weir is the " side reservoir*' 
or " pocket," and from this there will be an opening into 
the lower reach below the lock. The weirs were, when I 
visited them, like the locks, in aU stages of progress. They 
are built on wooden platforms, the timbers being laid 5 feet 
below surface of water of lower reach. 

The mortar and stone used in these weirs aie of the same 
kind as those in the locks, and the general character of the 
masonry similar to that of the chamber walls of those struc- 
tures. 

The crest of the breast wall is 9 inches below full water- 
level of upper reach, and is 4 feet wide ; the wall is plumb 
on the upper side and on the lower has a batter of 4 inches 
in a foot. The length of " spill- way" is 58 feet, divided into 
two equal portions by a pier 4 feet wide, extending 17^ feet 
up-stream, on which rests a wooden platform bridge, from 
which will be worked the sluice gearing. The side walls 
and pier will be gi'ooved above crest of breast wall for re- 
ception of stop planks. There are 6 vents in the breast 
wall, each 4 feet square, with sills 2 feet above the floor 
(floor 3' below bed of upper reach), in which will be fitted 
turning sluice-gates ; none of these were fixed when I visited 
the works, and I did not see any drawings of them^ but the 
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following is a copy of the specification, according to which 
they are to be made and fitted : — 

'' Sluice Qates. — To be built of the best quality, of white oak plank, 6 
inches thick at the centre, and gradually rounded off on both sides to Sc- 
inches at the end. Each gate to have a top and bottom plate of cast iron, 
connected with bolts of wrought iron seven-eights (f ) of an inch in dia- 
meter, passing through the gate ; and to have straps of wrought iron 8 
inches wide and three-eighths (|) of an inch thick on both sides of the gate, 
within three inches of each eud ; the straps are to be let in flusliy and 
fastened at distances not more than 6 inches apart, with rivets i an inch 
in diameter countersunk into the strap. The top plates are to be 2f inches 
deep, and those at the bottom 6i inches deep, each to have a flao^e from 
the centre outwards on opposite sides. 

The gates are to revolve on the centre, on pivots working into the bot- 
tom plates of the gates, and on the top of each a disk of steel or hard brass 
is to be placed, and have a brass collar and lining. The pivots are to be Sc- 
inches in diameter, connected with plates 9 inches square and 2 inches 
thick, let into the sills of the sluice way and secured to them by fox bolts. 

The gates are to be arranged in a framework of oak timber, 6 inches 
thick and 12 inches wide, fastened with fox and key bolts to the piers and 
lintels of the sluice way. 

The vertical posts of the frame are to be bevelled so as to form a bearing 
for the sides of the gates when closed, and stops are to be placed in the 
interior as directed. The turning rods are to be of wrought iron, 3 inches 
in diameter, of sufficient length to pass through the gates, and stand 6 
inches over the side timbers of the platform to be formed over the weir. 
They are to be keyed into the plates on the gates, and secured into the 
masonry with suitable iron brackets, the upper end of them to be made 
square, on which a movable handle is to be fitted ; and they are further 
to be connected with racks on the platform, made so as to secure the gate 
in the position required." 

Bridges. All the bridges over the canal will be swing bridges. 

There will be 4 for roads, of which 2 will be over locks and 
2 over reaches, and 2 for the Welland Railway. There will 
also be a tunnel under the canal for one road and another 
tunnel for the Great Western Railway. 

The designs for the superstructures of the bridges were 
not out, and the masonry for one only was in progress ; it 
was nearly finished when I visited the works. This was 
just above Lock 9, to carry the St. Catherine's road. 

The ^* pivot" and '^ rest" piers are in the middle of 
the canal in the alignment of its axis, and have each an 
archway, 6 feet wide and 8 feet high, from end to end for 
the passage of water. At the toe of each slope is a pier 
Si feet wide at bottom, with side batter of 1 in 24. At 20 
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feet back from these piers are the abutments which are 
founded 5 feet above the canal bottom, and the slopes of 
the sides of the canal are carried along the faces of the abut- 
ments and revetted up from the toes at the piers. All the 
foundations are on timber platforms, and the character of 
the masonry is similar to that of the locks. The roadway 
is to be 15 feet wide, that being, 1 was informed, the regu- 
lation width for 1st class road bridges, and 12 feet that for 
second class ones. 

The road tunnel under the canal between Locks 16 and Boad Tunnel. 
17 was finished ; it is 310 feet long, 14 feet span, with a 
semi-circular arch, to crown of which from floor is 14 feet. 
Its foundation is 22 feet and its floor 18 feet under bottom 
line of canal. 

The tunnel for passing the *' Great Western Railway" was Tunnel for 

^ o ^ passing the 

m progress. It is on a diversion, 1^ mile in length, which great Western 

it has been found necessary to make in the line of railway. 

It is 665 feet long, on a radius of 1,430 feet, passing under 

the channel leading to the "side-reservoir," as well as under 

the canal. It is 16 feet wide, and to have a clear height 

above the rails of 18 feet in the centre, the arch being 

semi-circular. The side walls or abutments are 8 feet thick 

at bottom, 6^ feet at springing, with counterforts 10 feet 

long and 5 feet thick under the centre of each of the banks 

which pass over the culvert. The whole work is to be of 

massive limestone masonry, the voussoirs 2 feet 2 inches 

in depth. 

The new line is for the most part nearly parallel with ^JJtf *^® ^^^" 
the chief drainage of the tract over which it runs, and by 
the use of diversion channels the necessity for all drainage 
culverts, excepting one, has been avoided. That culvert 
is an inverted syphon of two 8-feet arched vents. The 
foundation, which, as usual, are of timber, are laid 10 J 
feet below the bottom line of canaL The top of the re- 
taining or ** breast" wall of up-stream well is 3 feet higher 
than that of the down-stream well. A bed of puddle, 2 feet 

thick, covers the whole length of the culvert. 

u 
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"Works on the The chief works of the improvement of the existing canal 
MaSatt^s™ from the branching off of the new portion (just described) 
Couirae^^'* to Port Colborne on lake Erie, are :— 

(1.) Widening the existing channel to 100 feet bottom 
width and deepening it to 1 3 feet below water level. 

(2.) The construction of a lift lock and regulating weir 

at Allanburgh ; of guard gates near south end of the "deep 
cut" and of a " guard*' lock and supply weir at Port Col^ 
borne. 

(3.) A new aqueduct over the Welland river. 

(4.) A new swing-bridge to carry the Buffalo and Lake 
Huron railway over tlie canal. 

(5.) The improvement of basin and harbor at Port Col- 
borne. 

Estimated The estimated cost of these works and the minor ones 

cost. 

connected with them, is £1,015,000. None of them were 

in progress when I visited the canal, excepting No. 1, and that 
only in portion. As the closure of the canal cannot be 
allowed all work below water level has to be done by dredg- 
es. Several of these I saw at work ; they were all of the 
Osgood (Otis) pattern, and very generally were delivering 
into boxes slung from shore derricks with long arms which 
swung and tilted them far back. 
^^?Cut*^® The widening of the " deep cut" is in itself a great 
undertaking. It is upwards of 9,000 feet long, with, for 
most of the distance, a depth of CO feet from existing bed to 
surface, of which the top 15 feet or so are due to old spoil. 
It has to be widened from 50 feet to 100 feet bottom width, 
the new bottom being 11 feet below the present one and, as 
already noticed in the description of the existing canal, the 
the strata cut through are treacherous. It is hoped, how- 
ever, that when the mountains of spoil which now overload 
the surface are moved back, slides will no longer occur. 
Sloping back above water level was being done generally 
by the horse scoops before described, 

W^iM *^^ "^'^^ locks and weirs will, in general arrangements and 

character, resemble those described on the new portion of 
the canal. 
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The present canal crosses, as already stated, the Welland ^^j^^^^t 
(Chippewa.) river by an aqueduct. This is 45 feet broad 
and of 4 arches 40 feet span and 7 feet rise, the voussoirs 
being 2^ feet deep ; the floor of the duct is a timber platform ; 
the depth of the water over this is 18^ feet. When lake 
Erie is made the source of supply it will leave only 10^ feet 
depth on this duct, or 2^ feet less than full depth in canal 
and 1^ feet less than on lock sills. As the closure of the 
canal cannot be allowed for, at the most, more than a few 
days, this structure cannot be pulled down and re-built to 
the required levels. A new one cannot be built above (up- 
stream on Welland river) present one without destroying 
the existing side-cut and lock into that river, nor can it be 
built any distance on the other (east) side without the 
approach to it, running through the chief part of the 
town of Welland, and to build quite close to the present 
work would, in the soft bottom on which it is founded, 
be very risky. How to overcome the difficulty has not 
been decided. One proposition is to remove the existing 
woodon floor of the duct, cut down the crowns of the arches 
1 foot for 20 feet wide, strengthening the weakened portion 
of the arch with iron, and so obtain a navigable passage 12 
feet deep and 20 feet wide, passing the supply water, which 
could not go through this, across the river by an iron tube. 
Mr. Monro's idea, which will probably be adopted, is to con- 
struct an iron aqueduct on pneumatic tubes close against 
the east face of the existing structure. 

The plans for the railway swing bridge were not out. Swings Bridg^o. 

The basin at Port Colborne is to be extended 725 feet. Basin in Har- 
making it 2,200 feet long, with an area of 11^ acres and 
depth at lowest water of 13^ feet. The entrance channel 
between the piers will be 14 feet deep. An outer harbor, 
of 40 acres area, is to be formed by constructing a break- 
water, 2,000 feet in length, along a reef which runs out 
from the shore from 1,500 feet west of the eastern pier of 
entrance channel to 800 feet south-east of the end of the 
western pier. 

The new Welland canal is by far the finest example of Bemarkt. 
canal engineering west of the Atlantic, and the Old World 
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can boast of but few works of a similar character which de- 
serve to rank before it. 

The clearness of view and decision shown by Canada in 
dealing with the subject of inland navigation, and the wise 
way in which she 'is concentrating her expenditure and 
energy on the works of greatest importance to the whole 
country, are in pleasing contrast to the way in which the 
subject is being dealt with in the United States. There, 
unfortunately, the constant struggle by ** politicians" for 
appropriations to be spent in their own particular districts 
results too often in a frittering away of large amounts 
of public funds on petty objects and in the niggardly- 
treatment or utter neglect of works of great national impor- 
tance. 



Group 2.— The Canals to improve the Navigation of the 

Ottawa River* — The Ottawa river has its sources, at about 
250 miles south of Hudson's bay, on the southern slopes of 
the water-parting which sheds northwards to that bay and 
southwards to the St. Lawrence. Its upper waters are col- 
lected in the basin of lake Temiscamingue, from which 
they issue in one channel, and, joined by several tributaries, 
flow in a south-easterly direction till they reach the " Chau- 
diere Falls" at the city of Ottawa, the capital of the Domi- 
nion. At that place the Ottawa river is only about 45 
miles in a direct line from the St. Lawrence, but turning 
eastwards, it flows on for 100 miles more, in the course of 
which it is joined by many large streams, and swells into 
noble dimensions. The junction with the St. Lawrence is 
effected by 4 branches at the island of Montreal, to which, 
from its sources, the Ottawa river is 700 miles long. Above 
Ottawa city, the river runs in many places down rapids, and 
at that place it is precipitated over a fall of about 30 feet. 
Below that, however, to its mouth, the obstructions to the 
navigation of the river are few. The canals to overcome 
them form group 2. They are, — 

(a). The Ste. Anne canal. 
(6). The Carillon canal 



» Visited 30 May, 1876. 
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{c). The Cliflte i Blondeau canal. 
(d). The Qrenville canal. 

The Ste. Anne Canal. 
The Ottawa joins the St. Lawrence by four separate 
channels between which lie three large islands, — (1) lie 
J^us, 20 J miles long, 7 miles broad ; (2) Island of Montreal, 
32 miles long, 10 miles broad ; and (3) He Perrot, 7^ miles 
long and 3^ miles broad. 

The last-named of these lies at the north-west end of the 
expansion of the St, Lawrence, known as " Lake St« Louis," 
and the channel between this island and that of Montreal is 
the best suited for navigation. As, however, the reach of 
the Ottawa above the island is 3 feet higher than lake St. 
Louis, and the whole of this fall is concentrated into a rapid, 
the difference of level has to be overcome by artificial means. 
These consist of a lock, built in the river near its north 
shore, and " wing dams" and piers connected with it. 

The approach to the lock below it is made by a pier on ApP^*®^ ^ 
the land side, extending down-stream about 1,000 feet and ^«iow it. 
one on the river side 67 feet long. They are both construct- 
ed of crib-work, and have their tops 9 feet above water 
level. 

The lock itself is a masonry one, 190 feet long between i^ck. 
the gate quoins and 45 feet wide. It is built on a timber 
platform resting on poor sandstone. The mitre sills are of 
wood, the gates are solid, and the work generally resembles 
the locks on the existing Lachine canal, already described. 
The depth on the lower sill varies between 6 feet and 7 feet, 
and the lift is at low water, 3 feet. When I went through 
it (30th June, 1876,) the lift was about 2 feet, and the time 
occupied in passing the steamer was, from shutting of lower 
gates to her getting clear out only 5^ minutes. From the 
up-stream end of the lock a crib- work ^' wing dam" extends 
on the river side for 840 feet to above the head of the 
rapids, so that the water at the lock is kept at the level of the 
higher reach of the river. On the land side there is a crib- 
work pier continues for 160 feet above the lock, and beyond 
this are 4 detached guide p iers. 
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afenicted and These works were chiefly constructed between 1840 and 
cost. 1843, since which the channel has been deepened, the whole 

costing, to 1867, £33,614. 

8SSiiUe*"^ At 27 miles above the " St. Anne lock" commences the 
Canals. « Carillon canal" the lowest of the three artificial channels 

known as the " Carillon and Grenville canals." These were 
originally military works designed by, and constructed 
between 1820 and 1828, under the superintendence of the 
*' Royal Staff Corps" in order to enable war stores to be sent 
to the lakes via the Rideau canal, without having to pass 
along the St. Lawrence where that river skirts United States 
territory. Thej^ remained under the management of the 
Imperial Government till 1853, when they were handed 
over to the Provincial Government, and have since been 
managed by the Canadian Department of Public Works. 
As there was nothing of particular interest in the works, and 
they generally resembled those already seen, I passed them 
without inspecting them. For the sake of completeness, 
however, I will give short descriptions of them, eompiled 
from official reports. 

(6.) The Carillon canal commences 27 miles above 
" St. Anne lock."— 

Length of canal, 2i miles. 

Breadth of canal, bottom 30 feet, surface 50 feet; — 
masonry locks (3,) each 126^ feet, x 32i feet, two of them 
lifting (going westwards) 21| feet, one dropping again 13 
feet, a summit level having been made to save expensive 
cutting. Least depth of water on sills 6 feet. 

The canal is on the north bank of the river and overcomes 
the Carillon rapids. The cost of construction is not known, 
as all records connected with the work were burnt in 1852, 
when the Ordnance office at Montreal was destroyed by 
fire. 

(c). The "Chute a Blondeau" canal commences 4 
miles above the Carillon canal. 

Length of canal, Jth mile. 

Breadth of canal 30 feet, sides vertical, being cut through 
solid rock. 
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1 lock, 130 feet X 32^ feet; lift 3i feet, the chamber cut 
out of the rock, but lined with dressed masonry at the 
quoins and recesses. 

The canal is on the north bank of the river and overcomes 
the " Chfite k Blondeau'* rapids. 

Records of cost, &c., destroyed, with those of Carillon 
canaL 

(cJ.) The Grenville canal commences 1| mile above 
the last noticed canal. 

Length of canal, 5| miles. 

Breadth of canal at bottom 20 to 30 feet ; at surface 25 to 
60 feet, part being in earth and part in rock cutting. 

Locks —6 "lift" locks (4 of which are combined in two 
sets of 2 each) and 1 " guard lock." 

Length of chambers, from 107 to 130 feet. 
Breadth of chambers, from 29 to 32 feet. 
Total lift 45| feet ; least depth on sills 6 feet. 

The canal is on the north bank of the river, and overcomes 
the " Long Sault" rapids. Records of cost, &c., destroyed 
with those of two previously noticed canals. 



Group 3— The Rideau CanaL*— "^^^^ canal was con- 

structed, between 1826 and 1832, by the Imperial Govern- 
ment, in order to provide, together with the Ottawa river 
and canals, a means of easy transport to the lakes of 
naval and military stores, at a safe distance from the United 
States frontier. As by this route it is nearly 70 miles more 
from Montreal to lake Ontario than by the St. Lawrence, 
and as there is little or no traflSc between the upper Ottawa 
and the lakes, this canal is commercially almost useless 
and financially a burden. Its maintenance, however, was 
stipulated for by the Imperial Government when the Cana- 
das were constituted a Dominion, 



» Visited 30th June to 3rd July and 17th July, 1876. 
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The following description of the general features of this 
line of navigation is extracted from a report of the ** Com- 
missioner of Public Works" for 1867 : — 

" The Bideau canal might, perhaps, be more properly called the " Rideau 
and Cataraqni Navigation" than a canal, in the ordinary acceptation of the 
term; since it consists in the conversion of the Ridean and Cataraqni 
rivers (two obstracted and rapid streams spreading occasionally into deep 
ponds and lagnnes) into one continuous navigable channel. 

" The Bideau river drains an area of 1,550 square miles, and disohars^es 
itself over an abrupt and perpendicular fall of about 45 feet into the 
Ottawa at Ottawa city, rendering an artificial entrance to its waters by 
canal absolutely necessary, to connect it with the Ottawa river for navi- 
gable purposes. 

" The Cataraqni discharges into the St. Lawrence at Kingston, draining 
a basin of 200 square miles. 

" Ascending the long sweeping course of the Bideau river for a distance 
of 86 miles, we are brought to its head waters, at a jKiint which happens to 
lie within one mile of an absolute straight line drawn between Ottawa City 
and Kingston ; and from thence, crossing a short portage of one mile, we 
find ourselves at the head waters of the Cataraqni, and desoendiog the 
winding course of that river for 40 miles, we are led into the waters of lake 
Ontario at Kingston." 

In the whole 126^ miles, there are only 16^ miles of arti- 
ficially excavated canal, in 20 separate portions. 

Fiisrhtofioda The entrance to the canal from the Ottawa river is by a 
flight of 8 combined lock chambers, situated at the mouth of 
the rocky ravine running at the foot of the hill, which is 
crowned with the fine pile of the " Parliament and Depart- 
mental Buildings" of the Dominion. The total lift of this 
flight of locks is 82 feet. The chambers are (as are all the 
locks on this canal) 134 feet long, from mitre to mitre, and 
33 feet wide, with 5 feet depth on the sills. The walls are 
of ashlar masonry and between them is a stone invert. The 
gates are ordinary double leaf " framed" ones worked by- 
balance beams which are moved by chains attached to their 
ends, and winches. Water is let into and out of the locks 
through a culvert 4 feet x 3 feet running round the back 
of each gate and the valves closing these are worked by 
crab winches and chains. I saw no suspension bars or diago- 
nal ties on the gates, and I believe therefore that they run 
on the roUers and tracks. 

At 4i miles above Ottawa are two more combined locks 
(visited 3-7-76) like those already described, and just above 
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these is a cut-stone waste weir with an overfall of about 18 
feet down a[sloping cut-stone apron, at the bottom of which 
is a timber floor. The crest of the weir is at full water 
level and has no shutters on it, but in the middle of the 
breast wall is a gap 3 feet wide to bed level, closed by- 
planks. At a mile or so above this the canal joins the river 
which is ponded back for 4 miles by an earthen dam 320 
feet long and 50 feet high. I was told that 2 or 3 masonry 
dams at this place had been carried away — the last about 
14 years ago. At the end of this dam is a wooden '* bulk- 
head" with 5 openings, each 20 feet wide, their sills about 
16 feet below water surface. These openings are closed by 
stop logs dropped down grooves and lifted by chains and 
winches. The apron below this bulk-head is 100 feet long; 
it is a timber floor on crib-work bolted down to the rock, 
and from its edge there is a pitch of some 15 feet on to rock. 
Both bulk-head and apron showed much injury from ice 
and logs. Beyond the bulk-head a by e-wash, 150 feet wide, 
lets ordinary surplus water escape to bed of the river. 

At this place, known as '* Hogsback," are two combined 
locks, the walls of which are much bulged and cracked and 
look most dangerous. 

I did not go further along this northern end of the canal feff^^Jj^^ 
but visited (7-7-76) its southern end for 5i miles from King- Kingstonlimi 
ston to " Kingston Mills." At the latter place the Catara- 
qui river has, at the head of falls, been dammed and set 
back for about 10 miles by an embankment nearly a mile 
in length and in parts 20 feet high. I noticed on the lower 
side of this bank a dry stone retaining wall 15 feet high, 9 
feet thick, built of flat limestone slabs on edge, the true beds 
all vertical, which was standing well. The surplus weir of 
this pond has 20 feet length of crest on which stop logs are 
dropped down grooves and lifted by a winch and chains at 
each end. I may here say that nowhere in America or 
Canada did I see on any of the weirs so simple and eflec- 
tive an arrangement as the shutters running against angle 
iron rebates, and lifted by screws, in use on many of the 
Madras canals. Out of the lake above the embankment one 
lock drops into a masonry basin, and from that a flight of 3 

v 



164 THE BIGHELIEU BIVEB. 

chambers combined, drops 45 feet into the bed of the stream, 
the channel of which is used to Kingston harbor. 

SftSf Sdto^ The total number of locks on the whole canal is 47—33 
ascending (going from Ottawa to Kingston) 282^ feet, and 
14 descending 164 feet The breadth of the excavated por- 
tions of the canal at bottom is in earth 60 feet, and in rock 
54 feet. As so much of the line is through broad expanses 
of water, and steam is the only motive power used on it^ 
there are no tow-paths. 

The original estimated cost of all the Bideau canal work 
was £576,757, that estimate was afterwards increased to 
£762,679; theactual cost to original completion was £803,774, 
and this with necessary improvements to 1867 amounted to 
£1,020,632. 

I was informed that there is a full description of this 
canal and its works in the first volumes of the Boyal Engi- 
neer's papers, written by Lieutenants Frome and Denison, 
the latter of whom, subsequently as Sir William Denison, 
was for some years Governor of Madras. 

4. The Works to improve the navigation of the 

Richelieu river. — I^ak© Champlain, covering 1,130 square 
miles, discharges its surplus waters by the Richelieu river, 
which, running nearly due north for 81 miles, delivers them 
into the St. Lawrence at ** Sorel," 46 miles below Montreal, 
The 4th group of the Canadian canals consists of the works 
which overcome the natural obstructions in this river and, 
so admit of navigation passing between the St. Lawrence 
and the lake, and from it vi4 the Champlain and Erie canals 
to the Hudson river and New York. 

(a). St. Ours Lock ani> Dam. — ^At 14 miles above the 

mouth of the river it is dammed, ponding it back so as to 

give a least depth of 7 feet for 32 miles to the entrance to 

the Chambly canal. The river at the place is divided into 

The Dams. 2 channels. Across the main or western one the dam is 

600 feet long and is composed of stone-fiUed crib-work, 
with an apron 40 feet wide of similar work, well founded in 
clay. The depth which in freshets goes over this dam is 
from 8 to 10 feet Across the eastern channel the dam is 
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an eartben embankment 300 feet long, 25 feet wide at top, 

with slopes 2 to 1, the water side pitched. In the middle 

of the embankment is the lock. It is of cut-stone masonry, The Lock. 

200 feet long between the quoins and 45 feet wide, with 7 

feet least water on the sills, and an average lift of 45 feet. 

Piers of crib- work extend from the lock for 420 feet below The Piers. 

and 270 feet above it. 

The works were constructed between 1844 and 1849, and Cost, 
have cost (to 1867) £30,385. 

(6), The Chambly Canal. — At 32 miles above tbe St. 
Ours dam is situated the foot of the ^ Chambly'^ rapids, 
which extend up to the town of St. John's and from that 
place there are no further obstructions to the navigation of 
the Richelieu river. The canal which turns these rapids is The Prism. 
12 miles longf has a bottom breadth of 30 feet, and a surface 
breadth of 60 feet. 

There are 8 masonry locks with a total lift of 74 feet, and Locks. 
1 " guard" lock. Their lengths vary from 118 feet to 125 
feet ; their breadth is 23ifeet, and they have 7 feet depth on 
the sills. 

The other principal structures are — Other stnic- 

* tures. 

6 timber bye-washes and waste weirs« 

3 ,, culverts under the caoaL 

8 „ swing bridges, 56 feet span, 10 feet wide. 

1,600 feet of wharfage. 

This canal was opened throughout in 1843, but tho works wheneon- 
had soon after to be extensively strengthened and improv- cost, 
ed. Their total cost was £158,678. 

From the head of this canal to lake Champlain,at Rouse's Prom the 
Point, is by river about 23 miles, and from there to the Yorit. 
head (south end) of the lake and entrance to the Champlain 
canal is 111 miles. The total distance by this route from 
Montreal to New York is 449 miles. 

The canal boats are taken across the lake in tows by 
powerful tugs. I saw (24-6-76) one leave St. John's tow- 
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ing 12 canal barges fully laden with sawn timber which 
had come from Ottawa. 



It is stated that 

Extract from • • « The coarse grains of Eastern Canada, a large portion of the 
1876. sawed timber from the St. Maurice, the Ottawa, and other rivers empty- 

ing into the St. Lawrence, as well as a large amount of flat and square 
timber in rafts find their way each year to the American markets over 
this route." 



Peoposed Ship Canal. — It has at various 'times been pro- 
posed to provide a channel from the St. Lawrence to Lake 
Champlain navigable by vessels as large as will be able to 
pass through the new St. Lawrence canals^ and for this 
purpose the route just described viS. the Bichelieu river has 
been recommended. It has, however, the serious disadvan- 
tage of a great and apparently unnecessary amount of 
lockage. Lake Champlain is 79 feet higher than the St. 
Lawrence at the mouth of the Eichelieu river, but only 
29 feet higher than the St. Lawrence above the Lachine 
canal, so that the present route from Lake St. Louis has a 
3/r(yp of 60* feet and a me of 79 feet, with a lockage of 
123f feet against 29 feet, which is all that would be neces- 
sary in a canal from the St. Lawrence above the Lachine 
canal to near St. John's. The latter route would also save 
some 80 miles (see diagram Y) to vessels coming from the 
westward, from which direction nearly all the traffic seek- 
ing lake Champlain would come. But a ** ship-canal" to 
lake Champlain would be of little use if the vessels that 
might navigate it could not go on to New York. Propo- 
sitions for making the Champlain canal also a " ship-canal," 
have been numerous, but, as already noticed in the remarks 
on that canal, there seems little likelihood of any of them 
being carried out. 

* Lachine Canal 44f 

Biyer from caaal to Sorel 6i 

60 
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I am unable to give in figures the financial results of the JJjg^Jf^a^ 
Canadian canals, but the Chief Engineer of Public Works, in ^^ Caaak. 
his report, 9th July, 1874, says — 

'' It is well known that none of the canals have paid the interest of the 
money expended in their constmotion, or indeed very little more than the 
working expenses connected with them. Still, few who compare the past 
with the present condition of Canada will donbt bnt that they have been 
of far greater benefit to the country than the aggregate amount of their 
cost." 
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PLANS ACCOMPANYING NOTES ON CANADIAN CANALS. 



No. in 
Vol. of 
Plans. 



Map of Part of British America 55 

General Plan, with details of suspension gear, &c., ) gg 
of Lock Gate ... ... ... ... • • • / 

General plan, enlarged Lock Welland Canal ... 57 

Plan regulating Weir, Welland Canal 58 

Drawing ** Osgood and Starbuck" dredge 59 



Navigation from the Lakes to the Mississippi. 
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§2Jgki, ^^ *^® ^^^^ ^^ lakes Michigan and Superior the water- 

parting between the basins of the Mississippi and the lakes, 
the former 1,200,000 square miles and the later 400,000 
square miles, is narrow and of slight elevation. Several of 
the tributaries of the Mississippi rise within a few miles of 
the lakes, from which they are separated by a ridge only a 
few feet in height. In some cases the heads of streams 
flowing to the two different basins overlap, and upwards of 
200 years ago Indian traders made passages for their canoes 
from one stream to the other, and thus joined the waters 
which flow into the Atlantic at Newfoundland, with those 
which flow into the gulf of Mexico at New Orleans. Since 
then little has been done compared with what might have 
been expected, in taking advantage of the wonderful facili- 
ties which nature has provided for the joining of two of her 
grandest systems of inland communication. What has been 
done, and what it is intended to do, I propose now to give 
some dascription of« 

1st. The Illinois and Michigan canal and the canalis- 
ation of the Illinois river.*— '^^^ Illinois and Michigan 
canal commences in the city of Chicago, and runs from the 
south branch of the Chicago river, at about 3 miles from its 
mouth on lake Michigan, to the Illinois river at La Salle, a 
distance of 97 miles. The canal was begun in 1836, but, 
owing to financial difficulties, was not finished for some 10 
years later. The work was a State one, but was carried out 
with money borrowed chiefly from English capitalists by 
whom the canal was really controlled till 1872, when the 
State (Illinois) acquired sole possession of it. In order to 
save in depth of cutting through the water-parting the 
canal was originally locked up 8 feet from the Chicago river 
and down the same height at Lockport from a '^ summit 

• ViBitea 25th«*27th July, 1876. 
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level" of abont 29 milea in length. As, however, the 
Chicf^ river which receives the greater part of the drain- 
age of the city Beldom had sufficient current to carry it on 
to the lake «ad never sufficient to push it far out from 
shore, and as, therefore, both river and harbor were 
^ing up and becoming extremely offensive, the city 
of Chicago in 1871 deepened (at a cost of about 3 mil- 
lion dollars), by 8 feet, the summit level of the canal to 6 
feet below lake level, and so secured a flow from the lake 
through the portion of the river in the city and through the 
canal to " Lockport," where the surplus water is used to 
work mills and discharged into the " Des Plaines" river, 
down which it passes to the Illinois river, and so to the 
Mississippi. The depth of cutting in the summit level by 
which this is accomplished is only 15 feet. 

From Lockport to the Illinois river at La Salle the canal, Lodv. 
in its 68 miles, falls 145 feet by means of 16 locks, 109 feet 
X 18 feet. 

The prism of the canal is 40 feet wide at bottom, 60 feetPriim. 
at water surface, 6 feet depth. 



The capacity of boats which c 
is stated to be 160 tons. 



1 pass through the canal Bmt*. 



There are no individual works of snch importance or in- 
terest on this canal as to render separate description of 
them advisable. 

The following table collated from report for 1875, gives 
the main commercial and financial facts connected with the 
canal for the last 10 years : — 
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1867 


162,656 
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252,231 
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ao9 




123,052 
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215,720 
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1889 ... 


91,765 


238,759 


817,788 


223 


1870 


108,695 
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149,635 


685.870 


184 


1871 ... 


97,232 


169,050 


629,975 


9S4 




88,876 


165,S7'1 


783,641 


244 


1873 


6.1,698 


15.400 


'166.641 


819,633 


925 


1874 


58.399 


15,399 


144,831 


712,020 


236 


1875 „. 


59,988 


14,523 


107,081 


676,025 


228 
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The cost of the canal was 6,557,681 dollars, and from the 
figures given above it is evident that the canal is not a 
financial success. The traffic on it is much less than might 
have been expected on a channel connecting two such im- 
portant routes of traffic as the Mississippi and the lakes. 
Doubtless this is chiefly owing to the uncertain state of the 
navigation in the Illinois river which is obstructed by bai's, 
and in dry seasons is not navigable for boats drawing even 
2 feet. 

improTwnent Congress, regarding this line of navigation as of national 

Ox XIL6 IlllliOlB 

riTor. importance, allotted at different times, between 1865and 1869, 

dollars 185,000 for the dredging of the river, but this 
scarcely sufficed to make any appreciable improvement, and 
now the " canalization" of the river has been undertaken. 

From the end of the canal at La Salle the Illinois river 
is 228 miles in length to its junction with the Mississippi, 
at " Grafton," 40 miles above " St. Louis." Its fall in the 
228 miles is only 29^ feet, and it has been decided to erect 
5 dams across the river, converting it into so many pools 
giving nowhere less depth than 7 feet, with locks 350 feet 
X 75 feet, from pool to pool. The work is being carried 
out by the State of Illinois with occasional assistance 
by the National Government. Its cost is estimated at 
2,660,000 dollars, inclusive of 430,000 dollars for some 
dredging that will be necessary. Only one of the dams 
with its lock is yet finished ; visited^by me on 26th and 27th 
July, 1876. 

"Henry" Lock The " Henry" lock and dam are situated 30 miles below 

andliajiL 

the mouth of the canal. They were finished in 1872, at a 

cost of 400,000 dollars. The success of the work is thus 

spoken of by the Chief Engineer, Mr. D. C. Jenne, in his 

report for 1875 :— 

'' The look and dam at Henry has been in nse doring'f onr navigable sea- 
sons, and the results show that everything contemplated by this lock and 
dam has been accomplished, not only in the perfect navigation from this 
point to the entrance of the canal at La Salle, but in the practical use of 
a lock of this large size. It has been demonstrated beyond a question, 
that if all the locks and dams required on this river were built, it would 
afford good navigation for at least 8 months in the year to the largest class 
of steam beats, and for barges 300 feet long and 72 feet wide drawing 6 
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feet of water, and would become one of the most important navigable 
rivers of the country ; it would be the great thoroughfare for heavy freight 
in either direction, and its influence for cheap transportation would be felt 
all over this and adjoining States." 

The dam is 530 feet in length between its eastern abut- 
ment and the lock. It is formed of timber " cribs" filled 
with loose stone, covered on the top with planking. From 
crest to low water level below the dam it has two vertical 
drops of 3 feet each on to timber oflTsets or platforms 10 
feet wide. It raises the low water level of the river im- 
mediately above itself by 6 feet, and at La Salle by 4^ feet. 
When I visited it there were 3 feet 5 inches going over the 
top with no perceptible overfall. The sketch herewith I 
took from a lithographed plan, dated 1870, in the Lock Office, 
but of which I could not procure a copy. 

The lock stands in the river, to the right bank of which 
it is connected by an embankment, the top of which is 
of course above high water level. The lock is founded on 
12 inch diameter piles, of which there are 5 longitudinal rows 
under each side wall and 7 rows under the chamber, the 
piles in each row being 3 feet apart. On these piles are 
longitudinal *' foundation*' timbers 12 inches square, and 
on these again are similar timbers across the lock from side 
to side, 6 inches apart, except under lower sill, where they 
are laid close together ; all spaces between these timbers to 
3 inches below the longitudinal ones are filled with con- 
crete. Over all are laid 2^ inch planks jointed closely 
together and bolted to the cross timbers. A second course 
of planking, 2 inches thick, is laid as a floor between the 
side walls and between the wings, and is secured by binding 
timbers 6 inches X 8 inches running over it crossways at 
every 10 feet, bolted down to the foundation timbers. 
Five rows of sheet piling, 6 feet deep, run across the lock 
under the foundation timbers. The clapping sills, which 
are laid 6 feet below lowest water on them, are of oak, 20 
inches square for lower gates and 20 X 12 inches for upper 
ones. The lower sill timbers are bolted to the foundation 
timbers and backed up by a stone arch, 18 inches deep. 
The upper sill timbers are bolted to a massive stone sill 
wall, 6 feet high, arched in plan, the top voussoirs being 1 

w 
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foot thick and clamped and dowelled togeihen Across the 
head-bay, clear of the swing of the gates, is a breast wall 
the same height as the sill. The chamber walls are 6 feet 
broad at top, have a face batter of ^ inch in a foot and at 
back are stepped out to about 12 feet thick at bottom ; 
counterforts, 8 feet long and 3 feet deep, are placed l5 J feet 
apart and come up to 20 feet below the top of the walls. 
The front wings and head^bay and chamber walls are 
carried up to 22 feet above upper sill to 90 feet back from 
the upper gates, that is, to where the dam joins the lock, 
and there the chamber walls step down 6 feet The length 
of the chamber is 350 feet from mitre to mitre and the 
breadth 75 feet All the walls are of massive limestone 
masonry, with ** cut-stone*' fsices. 

The gates are of the usual two-leaf style, set at an angle 
of 21^ degrees, with a line from heel to heel. Both upper 
and lower are 20^ feet high. They have 10 longitudinal 
bars or *' ribs " each 12 inches thick, the two bottom ones 
2 feet 6 inches apart, the two upper ones 20 inches apart, 
and the others with spaces from 10 inches to 16 inches 
between them. The two upper and two lower ribs are 
built solid of 4 longitudinal timbers formed to ,28 inches 
wide at the ends, and 46 inches wide in the centre ; the 
other 6 ribs are similar in external form, but are made of 
only 3 longitudinal timbers, and instead of being solid have 
a centre longitudinal space, down which run 5 vertical 
posts, 12 inches X 12 inches, mortised into the solid ribs. 
These 6 ribs are each braced by 2 '"hog chains'' or bars 
passing across three vertical saddle posts attached to the 
lower face of the gate. The heel and mitre posts are 28 
inches in the [square. The planking on the upper side of 
the gate is 2 inches thick of white pine ; all the rest of the 
woodwork is of white oak. The gates turn on a chilled 
iron pivot 12 inches in height, « mches diameter at the 
bottom, tapering to 7 inches at top and ranning nf into a 
chilled iron socket at the bottom of the heel post; the 
pivot base is 2i feet diameter, and is let ©aly 2 linches 
into the floor, but has 3 lugs, li inch square, which keep 
it from turning. The gate is kept 8 inches xtear -of 
+1.0 flnnr n.Ti^ lines not Tun ou txacks, but is entffety swk 



THE ILLINOIS RIVER. 173 

pended by wrought iron suspension bars, the land ends of 
which turn round a steel pin on a cast iron ** tower " post, 
8 feet high, which stands on the coping and is tied back by 
6 iron guy rods radiating from it and attached to anchors 
built into the masonry. The gate itself is not in any 
other way tied back to the masonry, has no collar at the 
top of the heel post. The gates are opened and shut by 
means of the pole or spar arrangement described in the 
notes on the Lachine canal. On this lock the spar is 55^ 
feet long, 9 inches x 9 inches with flat iron bar along its 
bottom ; it is pivoted on the top of the mitre post and travels 
on iron rollers on the coping. The capstan, which winds 
the wire rope, is set on the coping 45 feet in front of 
quoins and 10 feet back from line of chamber wall. This 
system of swinging and working large lock gates is ex- 
cellent. I saw, on 26th July 1876, the lower gates fully open- 
ed by 2 men to each capstan in 3^ minutes, one leaf of it 
closed by 2 men in 3f minutes, the other in 5^ minutes, for 3 
minutes of which time, however, thei*e was only one man at 
the capstan. The upper gates with 2 men to each capstan 
were opened in 6 minutes ; with 3 men to each capstan, 
that is 6 to each gate, full opening or shutting could 
easily be done in 3 minutes. As will be seen in my notes 
on the Louisville and Portland canal, the gates of the locks 
there which are only five feet wider than those of the 
Henry lock, but run on tracks and rollers and are moved 
by drag-chains, took 18 men to close them in 8 minutes and 
20 men to open them in 10 minutes, and the time, I was 
informed, was often much longer owing to the clogging of 
the rollers and tracks by silt. The lithographed plan, here- 
with, of the gate for the Copperas creek lock, on which I 
have entered some dimensions and remarks from observa- 
tion at Henry, is applicable to the gates of this lock ex- 
cept in some minor particulars, such as number of vents 
in the gate. When I saw the Henry lock worked there 
was a difference of level above and below it of only 3 inches, 
so I could not make any observations of interest on the 
times of filling and emptying. The former is done by 8 
horizontal turning valves in a wooden floor above the upper 
gate which admit water into calverts passing into the 
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chamber through the sill wall; there is also one valve in 
each leaf of the upper gate. The emptying is done through 
a culvert, closed by 5 valves in the masonry at the back 
of each side of the lower gate. There are also 2 valves in 
each leaf of the lower gate. 

Dam and The next of the series of dams and locks for the improve- 

Lock at Cop- ^ 

peras Creek, meat of the Illinois river is situated at Copperas creek, 60 
miles below Henry, and will probably be finished next 
year. The works are in general character similar to those 
at Henry, and are thus described by the Chief Engineer in 
his report, 1st December 1874 : — 

** The look is bnilt entirely out of the riyer, and is oonneoted at each 
end by a short canal, with vertical and slope wall protections. It is built 
similar to the lock at Henry in form and dimensions, with the exception 
that the lock will be filled and discharged through yalyes inserted in the 
lock gates, instead of cnlyerts in the walls as at Henry. There will be 
seven yalyes in each gate, or twenty-eight in aU, f pur by two and one-half 
feet, inserted vertically and operated by levers on top of the gate. 

The walls of the lock are to be twenty-six feet high from the head to a 
point one hundred feet below the upper gates, where the dam connects 
with the wall, and twenty-one feet high thence to the foot. 

The gates are to be twenty-one feet high and forty-three feet wide, to 
be in similar form to those at Henry, and being on the suspension plan. 

The dam will be 650 feet long, 11 feet high and 45 feet wide at base, 
raising the water 6 feet, and will set back 2 feet on the dam at Henry, a 
distance of 60 miles. It is to be built of timber cribs filled with loose 
stone, with only one drop, and have an apron of timber of 25 feet and one 
of brush and stone of 20 to 30 feet. The lower end is also protected by 
square piles driven close together, the entire length, at least 10 feet into 
the bed below the bottom of cribs." 

The estimate for these works at contract rates and ex- 
clusive of 73,726 dollars spent on the foundations and of 
28,446 dollars for '* engineering and contingent expenses," 
is as under : — 
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Quanti- 
ties. 


Measure. 


Items. 


Price. 


Amount. 


Total. 


- 




Ombbing and clearing ... 


$10000 


$10000 








Baling and draining 


5,00000 


5,00000 




&6',56o 


Cubio yards. 


Exoayation 


•17 


8,58500 




10,500 


do. 


Embankment 


•16 


1,680^00 




80,000 


do. 


Do. in guard bank ... 


•15 


12,00000 




12,000 


do. 


Lining 


•60 


7,20000 




1,500 


do. 


Puddling 


•20 


30000 




18,000 


do. 


Loose stone 


2-55 


45,90000 




6,000 


do. 


Brush and gravel 


•20 


1,20000 




1,200 


do. 


Do. stone ... ... 


4-00 


4,80000 




1,700 


do. 


Slope and pavement wall... 


2-95 


5,01 5^00 




2,700 


do. 


Vertical wall in cement ... 


8*00 


21,60000 




1,400 


do. 


Do. laid dry 


600 


7,00000 




840 


do. 


Concrete masonry 


500 


4,20000 




8,800 


do. 


Cut stone do. in lock walls. 


1300 


114,40000 




925 


do. 


Uncut stone, do do. 


1100 


10,17600 




100,000 


Feet B. M. 


White oak timber in look 












gates .•• ... •.• 


6500 


6,50000 




40,000 


do. 


Timber of all kinds in foun- 








9 




dation ... ... 


1800 


720^00 




700,000 


do. 


Do. ... dam 


2200 


16,40000 




120,000 


do. 


Plank and boards of all 












kinds ... 


2000 


2,40000 




13,000 


Feet lineal. 


Deliyering round bearing 












piles. ... %v. ... 


•15 


1,96000 




10,000 


do. 


Do. square 


•16 


1,60000 




22,000 


do. 


Driving round and square.. 


•04 


88000 




400 


do. 


Snubbing posts 


•25 


10000 




120,000 


Pounds. 


Wrought iron 


•13 


16,60000 




24,000 


do. 


Cast iron 


•07 


1,680-00 




14,000 


do. 


Spikes and nails 


•09 


1,26000 




1,000 


do. 


Lead and antimony 


•50 


50000 




600 


Feet. 


Steel wire rope 


•25 


15000 




28 


Number, 


Composite yalyes 


1800 


60400 




I 


do. 


Sulphur and sand cement.. 


10000 


10000 




1 


do. 


Painting lock gates 

Total ... 


5000 


6000 








$298,549 



The following lithographed plans from the report of the 
Canal Commissioners for 1874 are sent herewith. 

Plan of lock at Copperas creek,. ..No. in Vol, of Flans... 60 
Do. do. lock gate do. do, ... 61 

The proposed sites for the other 3 dams and locks are, — 
50, 90, and 130 -miles, respectively, below Copperas creek. 
It will be some years before all these works are carried out ; 
when they are finished the enlargement of the Illinois and 
Michigan canal, to fit it for the same scale of navigation, 
must follow- 
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2^- The "Hennepin Canal."— ^^^^ i)©en proposed to 

construct a canal from the Illinois river at 19 miles below 
the end of the Illinois and Michigan canal to the Mississippi 
at 8 mUes above Bock island, that is, at 200 miles above the 
mouth of the Illinois river. The length would be only 65 J 
mLles;the lockage 207 feet ascending from the Illinois 
river to the Hennepin river, and thence 92 feet descending 
to the Mississippi. A " feeder" 38 miles long, would be re- 
quired to supply the canal. Such a canal, with prism 132 
feet at bottom, 160 feet at water surface and 7 feet depth 
and with locks 350 feet X 75 feet, has been estimated to 
cost about 12^ millions of dollars. It would save ''about 
300 miles of transportation for two-thirds of Iowa, all 
of Minnesota, half of Western Illinois, and all of Western 
Wisconsin which desires to reach Chicago." 

This canal would undoubtedly be of great importance, 
but there is not much probability of its early execution. 

ird. The" Fox" and " Wisconsin" river improve- 
ments- — I ^^^ ^^^ ®®® these works, but to make the subject 
of the connection of the Mississippi and the lakes complete, 
I give the following extracts from official documents :— • 

Extracts from ** Th® Wiaconsin river, having its rise in the northern part of the State 

Beportof Com- of Wisconsin, runs sontherly nntil it approaches the Fox river, tnms ab- 

Transporta- ruptly south-westerly, and, running in that course one hundred and 

tion Routes, eighteen miles, empties into the Mississippi at Prairie du Chien. 
1874. 

The Fox river, having its rise in the southern part of Wisconsin, runs 

north-westerly until it approaches the Wisconsin river, turns abruptly 

north-easterly) and, running in that course one hundred and sixty miles, 

(to be reduced to one hundred and fifty-three miles) empties into Lake 

Michigan at Green Bay. 

The course of the two rivers below the portage, the point of nearest 
approach, is surprisingly straight, and nearly upon a due line passing 
through Prairie du Chien and the Straits of Mackinaw. 

The divide, or portage, separating the Wisconsin river waters, leading 
into the gulf of Mexico, from the Fox river waters leading into the Saint 
Lawrence, is a level sand prairie, without rock, and in width one and one 
half miles. The Wisconsin at the portage is at the summit level. It is 
about 7 feet higher than the Fox at the portage, about 200 feet higher 
than lake Michigan at the mouth of the Fox, and 169 feet higher than 
the Mississippi at the mouth of the Wisconsin* 

Already a canal at the portage connects the Wisconsin and the Fox. 
(This canal is 2 miles long, nominally 4 feet, really only 2 feet deep, with 
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a * guard ' lock on the Wisconsin and a * drop ' lock into the Fox.) A 
slack-water communication extends &om the portage) [to Green Bay, a 
distance of one hundred and sixty miles, overcomes by locks (of dry stone 
protected by wood) and dams, the fall of 200 feet, and connects the Wis- 
consin river with lake Michigan. 

The Fox river from its month to Oshkosh, on lake Winnebago, has a 
low water channel of about 4 feet, and from lake Winnebago to the port- 
age of about 3 feet. At stages of high water, boats of 3, 4 and even 6 
feet draught have passed from lake Michigan up the Fox river, and down 
the Wisconsin into the Mississippi river. As late in the season as June 
boats of 300 tons burden have made the passage. In stages of low wa4«er 
the Wisconsin cannot be navigated on acoonnt of the drifting sand.^ * 

The Wisconsin and Fox rivers improvements to have five feet draught , 
to be 271 miles in length, of which 113 are to' be unobstructed river and 
153 slack-water navigation, with 27 locks, 160 feet by 35 feet and 6 feet 
on sills, and a total lockage of 195 feet : and not to exceed six miles of 
tsanat in all, including the short canals around the dams, and to pass 
boat of over 500 tons. * » • • 

The special advantage, presented by this route are these : — 

1. It runs on a direct Une to the centre of the great surplus ^dieat 
area of the country, which supplies the bulk of the grain shipments east 
and to or near the centres of the surplus areas of other grains. 

2. It has less canal, less lockage, and costs less than any other pro. 
posed route. 

3. Its point of connection with the lake at Green Bay is nearly 200 
miles nearer to the eastern markets than the southern end of lake 
Michigan. » * # 

4. Congress has already directed the Secretaiy of War to improve the 
Wisconsin, and has prescribed the plan of improvement ; no further ao» 
tion of Congp:e8s being necessary excepting to make additional appropri- 
ations m * ** Colonel Houston, United States Engineer in charge of 
this work, estimates its entire cost at 8,000,000 dollars, a sum totally in- 
signifix^int in comparison with the results to be obtained. Owing to the 
inadequacy of the sums heretofore appropriated, the improvement has 
progressed very slowly, and at much greater expense than was neoessaiy. 
In view of the great benefits to be obtained, the Committee are of 
opinion that liberal approi>riations should be made to .complete the im- 
provement at the earliest practicable moment.'' 

A Bkefceb map of the WisconfiiB and Fox rivers is appended. 



IMPROVEMENTS OF THE UPPER 

MISSISSIPPI. 

{Fisited 27th July '-2nd August 1876.) 

:o: 

The Upper Mississippi from its sources in lakes " Leech" 
and " Winnebagoshish" to its junction with the Missouri 
river is 1,330 miles in length, and drains a basin of 169,000 
square miles in area. At 675 miles from lake Leech the 
river faUs over a sandstone and limestone cliff about 50 feet 
high, known as the Falls of St. Anthony. 

Xxtraets from Above this ** the river has for several years been snccessfnllj navigated 
SfKJ^on""^' ^y Bteam-boats from the Falls of Saint Anthony to Sunk Bapids, a distance 
'St^^^^'^^^IHf'^ o^ 78 miles. Daring navigable seasons small steam-boats are also mn on 
1874. * the various reaches of the river from Minneapolis to Leech lake, the 

entire distance being about 675 miles." 

It is proposed, but not decided on, to improve the navi- 
gation of this portion of the river by means of locks, of a 
total lift of 62 feet, at " Sunk Rapids," '* Little Falls," and 
** Pokegama" Falls. 

Below the FaUs of St. Anthony the river has no per- 
pendicular drops, but has two rapid slopes — one, the " Rock 
Island Bapids/' above and along Rock Island ; the other, the 
'^ Des Moines Rapids" between Montrose and Keokuk. 
Both of these have rendered the navigation of the river 
above Keokuk difficult at most times, and impossible for the 
ordinary river steamers during low stages of the river. 
The works dealing with these two obstructions constitute, 
with the exception of some dredging and construction of a 
few loose stone dykes, the whole of the improvements of the 
Upper Mississippi. 

Bock Island ^^ work on the RocHK ISLAND Rapids, 348 miles below 
^ * the Falls of St, Anthony, consists of the enlargement and 

straightening of the tortuous natural deepest channel that 
wound its way through the bars and reefs of magnesian 
limestone which, in the 14 miles between St. Claire and 
Devenport, separate the river into 7 or 8 pools. The esti- 
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mate for the whole work was 57,141 cubic yards to cost 
813,602 dollars, but both the quantity of work done and total 
cost have been greater than anticipated. When I visited Bock 
Island (28th and 29th July 1876), there remained but a few 
hundred cubic yards of rock excavation to finish the work 
to the prescribed breadth of 200 feet and depth of 4 feet at 
lowest water. Where the rock to be removed lay in con- 
tinuous sheets it was got out by means of coffer-dams. 
The appended excerpt from the official report of the work 
done in 1874, with accompanying sketch, will give a fair 
general idea of the nature of the coffer-dam work which in 
this case cost 12 dollars a cubic yard, and has over the 
whole work cost from that to 10 dollars a cubic yard : — 

** As soon as the contract was awarded, Mr. Williams commenced with his Operations of 
usual energy the work of coffer-dam at Lower Chain. The peculiar posi- 1874. 
tion of the coffer-dam at the Iowa side of the channel demanded a strong 
breakwater, as the current at this place is a very swift one. Six stone 
cribs, of the dimensions 16 feet by 16 feet, were sunk in intervals and con- 
nected by strong timbers, upon which an apron rested to create still water, 
in which the head and comers of the coffer-dam could be placed. 

The work was commenced August 8, 1874, and on the 4th of October, 
1874, 2,649.6 cubic yards of rock had been removed from the inside of the 
ooffeivdam, which represented a length of 1,605 feet in its circumference. 
The average cutting of the rock was one foot and seventeen hundredths of 
a foot oyer the whole surface of bottom enclosed by the limits of excava- 
tion, and the rock itself was a hard limestone intermixed with silicate. 
The rock excavated in the pit was given by your permission to the city of 
Davenport for improving streets. The contractors delivered the flat-boats 
loaded with rook at the levee, about one mile distant from the head of 
coffer-dam, and the city unloaded them with her own forces. In this way 
the work was carried on rapidly, and the Government and city were both 
benefited. During the progp:ess of the work of excavation the water in the 
river raised considerably, and the coffer-dam was overflooded for a period 
of thirty hours ( but, owing to the unceasing energy of the superintendent 
of the contractor's forces, the crown of the dam was raised, the water 
baled out, and after the lapse of the above-stated time work of excava- 
tion was resumed and without interruption brought to an end. The worik 
was inspected by a thorough level, and showed that the plane of grade 4 
fioet below low water of 1864 had been kept very finely. 

Feuns were taken to make the bottom of the pit like a fioor, and of the 
last levels no difference exceeding 0.20 below grade were found. The 
dredge was afterward set to work to remove the coffer-dam cribs, stones, 
and puddling, and on the I9th day of October this work was reported 
finished. 

The sounding-machine was towed over the ground where the coffer-dam 
stood. A thorough inspection with it^ and besides an investigation with a 

X 
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kind of a rake attached to the machine, proyed nndonbtedly the work to 
be done very well, in consequence of which the whole work was recom.. 
mended to yon for acceptance, and as the season was near at an end, a 
final estimate closed the improving of Lower Chain.*' 

Where the rock to be removed was in patches too small 
to make it worth while to construct coffer-dams it was 
broken up by enormous steel-edged jumpers worked by a 
ringing machine, and then dredged out. Such work varied 
in cost from 12 to 16 dollars a cubic yard. Boulders were re- 
moved by drilling holes in them from a tripod platform and 
then blasting them, the fragments being either dredged out 
or dragged by chains into some deep pool where they were 
not in the way. 

Sanding Ma- When at Rock Island I had the opportunity of seeing the 
ingenious and most useful sounding machine invented by 
Mr. Hoffman, and am indebted to that gentleman for the 
enclosed description of it (see at end of note) ; the 
courtesy shown me by him and by Colonel Macomb, Corps 
of Engineers, U. S. A., who is in charge of the Improvements 
of the Upper Mississippi and Illinois rivers, deserves my 
grateful acknowledgments. 

Bock Island To Colonel Flagler, of the Ordnance Department, who 
has charge of the Rock Island Arsenal works, I am also 
indebted, for his kindness in showing me thoroughly over 
his interesting works. The power for all the Arsenal work- 
shops is to be obtained from 40 turbines, worked by a head 
of water, of from 7 to 8 feet, gained by running a " wing 
dam" from the entrance to a branch of the river at the 
upper end of the island, to above one of the sharp slopes of 
the rapids, and then putting a masonry dam with the tur- 
bines on its down-stream side, across the branch about a mile 
below its head. The turbines being some J mile from the 
workshops, the question of how best to transmit the power 
occupied much attention. It was originally intended to do 
this, by compressed air as in tunnel driving, but that system^ 
after elaborate investigations, Colonel Flagler has shown 
not to be applicable in this case, and wire rope is to be used 
as the transmitter. The Ordnance Department^ imder 
which the work is, do not, it appears, publish reports, but I 
trust Colonel Flagler will before long make public hia 
investigations. 
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The Des Moines rapids are situated 145 miles below 
Bock Island. They extend from Montrose Island opposite 
NauYOO (the first home of the Mormons) to Keokuk^ a dis- 
tance of about 8 miles, in which the total fall, when the 
river is low, is 18 J feet. At such times the water flows 
over the limestone fock, which here paves the bed of the 
river, with a depth of only a few inches, except where it has 
worn for itself a nanow tortuous trough of about 3 feet 
deep. For a great part of the year these rapids are quite 
impassable by ordinary river-steamers, and cargoes have to 
be unloaded and sent over the rapids in smaller boats, or 
sent past them by rail and re-shipped, at considerable cost. 
The United States Government having decided to turn these 

rapids by a canal, which shall at all times be able to pass 
the largest boats which navigate the river above them, the 
work was commenced in 1868, and when I visited it (1st 
and 2nd August, 1876,) was nearly completed, but was at a 
temporary stand-still for want of appropriation of funds — 
a state of affairs which has happened more than once in the 
history of the works and has, of course, added considerably 
to their cost. 

The cost of the whole work will very much exceed the 
original estimate, and will be between 4 and 5 million dol- 
lars. Major Stickncy, Corps of Engineers, who is in charge 
of the i^orksand whose courteous kindness to me I desire 
to acknowledge, has lately found that he can do the works 
much cheaper and better '' departmentally " than by con- 
tract, as the following table, compiled from his report, 3rd 
July, 1875, will show : — 





Cost. 




Classes of work. 






Bemabks. 




By labor hire- 


By contract. 






ed by U. S. 








Dolls. Gts. 


Dolls. Cts, 




Cai-Btone masonry, per 








cubic yard 


6 -- 65 


8—00 




Gonoiete fonndns. do ... 


2 -^ 85 


6 — 55 




Bock ezoayation per do ... 


84 


3—40 




Do in river deepening 






C *Not in report 


channel per oabio yard. . . 


♦6 — eo 


♦8—00 


- bat g^ven me by 


Earth excavation 


88 


45 


Major Stickney. 


Slope waU -. 


1—83 


1—00 




Wrought iron work, per lb. fOB 


10 


tSic. 
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The canal proper is 7*6 miles long and skirts the* right 
(west) bank of the river. At the lower entrance to the 
canal is a lock with lift of 11 feet ; at 2 miles above this 
is another one with a lift of 8 feet, and at the upper entrance 
to the canal, at Nashville, is a *' guard lock" with gates and 
head-bay walls above the highest floods which, at that place, 
rise 11 feet above low water. Above the canal a channel 
through a chain of rocks has been excavated nearly 4 miles 
long, 200 feet wide and 5 feel deep at low water. Most of 
this excavation was got out with the use of coffer-dams. 
Prism. one of which last year enclosed 95 acres. The canal proper 

is at water surface 250 feet wide when wholly in rock cut- 
ting, and 300 feet wide in other parts; the bed is 5 feet below 
lowest water surfece. The bank between the channel and 
the river is 10 feet wide a,t top, 2 feet above highest water, 
and is protected by pitching on both sides. 

Sketch of prism of canal. 
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Locks. The locks are 334 feet long from mitre of lower, to back 

of upper sill and 78^ feet wide at floor. They are built of 
large blocks of magnesian limestone set in hydi*aulic cement 
and are founded on the solid rock. The side walls are 6 
feet wide at coping, with a face batter of J inch in a foot 
and stepped out at back 7^ inches at every 5 feet down. 
The masonry sills of the guard and middle lock are 5 feet, 
and those of the lower lock 6 feet, below lowest water. 
The floor of upper bay of each lock is at the same level as 
that of the chamber, and has across it a breast wall of the 
same height as the upper sill and 33 feet in front of it. 
From each side of this bay 4 vents, 3 feet wide X 6 feet 
high, lead into a culvert, 8 feet wide X 9 feet high, which 
runs with these dimensions to 58 J feet beyond the upper sill 
wall, and from there continues, gradually tapering, for 183 
feet, at 10 feet back from the face of the side wall ; in this 
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183 feet, eight vents, 3 feet wide X 6 feet high, open from 
the culvert into the chamber. For emptying the locks the 
arrangement is similar. In each lower gate recess are 4 
vents of the size given above, which lead into a culvert out 
of which 5 vents open into the tail bay. Each of the vents 
in the head bay and in the lower gate recesses is closed by 
a shutter ; it would have been simpler and less expensive in 
cost and maintenance to have merely closed the side culverts 
by one, or two shutters. 

The gates are built of white oak. The leaves are each 46 
feet 2 inches long from heel to mitre, and are formed to 2 
feet wide at the ends and 4 feet wide in the middle by the 
front ribs being built of four 3 inch planks bent to the re- 
quired camber, the space between them and the rear straight 
timbers being kept by 3 vertical posts, through which run 
the bolts fastening the front and rear ribs together. The 
planking in front of the gate is 3 inches thick. The ribs 
which are 1 foot apart, are each braced by a tension bar 
passing over a cast iron saddle on a vertical post on the 
rear side of the gate at the middle of its length. The 
heel posts are cast iron casings into which the ends of the 
ribs are bolted and the quoins in which they turn are of 
cast iron built into the masonry. The gates are kept i 1 
inches clear of the floor and are entirely suspended by 
wrought iron suspension bars, 2 to each leaf, which turn on 
a 3 inch diameter steel pin on a cast iron tower post, which 
is held in position by 4 iron guy rods attached to anchors 
built in the masonry. The general arrangements of the 
gates and suspension gear are given on the 2 sheets of 
sketches (Nos. 62 and 63 in Vol. of Plans) sent herewith, 
which, together with the general plan and cross-section of 
lower lock, were, by the kind permission of Major Stickney, 
copied from plans in the office of the works at Keokuk. 

The lock gates and side vent shutters and those of the sur- 
plus channel sluice are all to be opened and shut by chains 
and gearing actuated by bydi-aulic power, which is to be 
so arranged that only one man on each side of the lock will 
be required to work it. Of these arrangements I am un- 
able at present to give details^ but I am in hopes that when 
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Major Stickney has perfected and patented them, he will 
send me a description of them; if so, it shall be forwarded as 
an appendix to these notes. 

The feed and surplus water is carried past the locks along 
a channel, 16^ feet wide at bottom, the entrance to which is 
through a sluice with six openings, 3 feet wide and 6 high, 
with shutters, which will be lifted and lowered by the 
hydrauUc apparatus above mentioned. 
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APPENDIX. 

Description op Model op Sounding Machine. 

*^ An apparatus for obtaining and recording soundings with greater 
rapidity and accuracy and at less expense than by other methods 
has been used for some years in the improvement of Rock Island and 
Des Moines rapids of the Mississippi river. 

In general surveys of portions of river by the use of the machine, 
large numbers of soundings are made at regular intervals, with no 
wide gaps as are customary in skiff-sounding, so that superior hydro- 
graphic maps are obtained which accurately define the channel and 
give a perfect representation of the river bottom. In rock excava- 
tion coffer-dams may be properly located, or where chisel and dredge 
or the various methods of submarine blasting are employed for re- 
moving smaller patches of rock than it is customary to coffer-dam, 
the quantities of rock removed can be accurately determined. 

This machine was designed and constructed by Major E. F. 
Hoffmann, Assistant Engineer, under supervision of Col. J. N. 
Macomb, Corps of Engineers, U. S. Army. 

BODY OP MACHINE. 

The body of the machine consists of fLWQ small flat-boats, one of 
which is somewhat larger than the others, combined as shown in the 
model into a system one hundred feet in length. This system is 
attached to the bow of a light draught steamer, at right angles to her 
centre line, by means of two diagonal spars, so as to place the appa- 
ratus completely under her control, and insure a steady uniform 
motion at any rate of speed desired. Upon this system of boats is 
erected a frame-work of masts stiffened by guy-rods, which carries 
the sounding boxes and poles, ten in number, at intervals of 11.1 
feet. 

APPLICATION OP POWER AND OPERATION OP POLES. 

The power for working the apparatus is transmitted from the 
steamer by means of a steam capstan. This runs a line of shafting, 
passing through the lower ends of the sounding boxes, on which 
shafting are the wheels which carry the chains which draw down the 
sounding poles. The poles on striking the bottom displace a lever 
arm, thus bringing a counter-weight running in the sounding boxes 
nto play, which draws the pole back to its original position. Should 
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the water be deeper than the length of the pole, on reaching full 
length the lever is struck by a fixed arm on the sounding boxes and 
the pole returns^as before. 

PERPENDICULAR MOTION. 

To insure a pei'pendicular motion of the poles in their descent, 
cords are attached to their feet, which cords pass around wheels on a 
line of shafdng laid along the bows of the flat-boats. This shaft is 
run by a pair of screw wheels on the main shaft, the perimeters of 
which wheels are so adjusted as to give just sufficient line to each 
pole to insure perpendicularity at whatever depth it may descend. 

RECORDING APPARATUS. 

On the axes of the wheels at the tops of the sounding boxes are 
screws, the dimensions of which are such that the periphery describ- 
ed by a point in the thread of the screw in one revolution is in pro- 
portion to the periphery of the wheel itself aa to 2 to 15 ; so that for 
each 15 inches of descent made by the pole, the line passing around 
the screw will be wound up 2 inches. (In the machine small 
pulleys are used instead of screws and the proportion is as 1 to 15.) 

The lines passing around these screws are conducted by small 
pulleys and made fast to the upper end of small steel rods, ten in 
number, each rod corresponding to one of the poles. These rods run 
on small sharp-edged wheels pressed firmly against white paper, on 
which paper as the poles descend marks are made proportional in 
length to the distance of descent of the corresponding pole. This 
series of marks constitutes the record and may ^subsequently be re- 
produced in figures by means of a scale prepared for the purpose. 

METHOD OF LOCATION. 

The mode of locating the soundings made by the machine is as 
follows : 

On the shore at both ends of a measured base line are two men 
with theodolites. At the instant of sounding, the signal (in the 
model represented by a brass ball) is run up, this being accomplish- 
ed by a line passing over a wheel run by the main shaft, this signal, 
the centre of which is in a line with the sounding poles, is covered at 
the same instant of time by the cross-hairs of the theodolites on 
shore. Thus, then one end of the system of boats is located. 
Another man with theodolite is stationed on the same end of the ap- 
paratus, who at the instant of sounding takes the angle representing 
the difference of direction of the centre line of the system of boats 
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and a line from his instrument to one of the instrumental stations on 
shore. The relative positions of the poles, the signal and the theo« 
dolite on the boats being known, the location is complete. 

CAPABILITIES OP MACHINI. 

Although the machine is capable of making 6 dips a minute, or 60 
soundings, yet as the theodolite observers cannot, without great labor, 
make more than 3 observations per minute for any protracted length 
of time, the operation of the machine is restricted to 3 dips or 30 
soundings per minute. This would give, making allowances for the 
usual delays, about 10,000 soundings per day. By means of a skiff 
about 1,000 per day can be made. The advantage then in point of 
time of the machine over skiff-sounding is as 10 to 1. In prelimin- 
ary surveys or where great accuracy of location is not required, the 
full quota of 6 dips per minute may be made by interpolation, and 
20,000 soundings per day can thus be obtained. 

The following table shows the advantage per day of the machine 
in point of expense : — 

8EIFP. 

2 Theodolite observers & $4-00, $8-00 

2 Boatmen &> 2-00, 4-00 

1 Sounder @ 2-00, 2-00 

1 Flagman , ® 2-00, 2-00 

3 Recorders ® 1-33^ 4-00 

Total per day »....* $20-00 

By skiff 1,000 soundings per day, at $20.00 would give 2 cents 
per sounding. 

MACHINE. 

Hire of steamer (including men and 

coal) $36-00 

1 Pilot 5-00 

3 Theodolite observers ® $4-00, 12-00 

1 Machinist 3-00 

1 Assistant Machinist 2-00 

4 Recorders ® 1-33J, 5-33 

Total per day $63-33 

By machine 10,000 soundings per day, at $63.33 would give 
about 63-100 of a cent per sounding. 

Or the advantage of the machine is about 3|^ to 1 in point of ex- 
panse." 
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P.S. by Major Hoflfmann. — "For using the machine to a greater 
depth, in rivers or harbors the sounding boxes and rods must be 
increased in length to the respective depth required say 30 feet, and in 
such a case a corresponding lengthening of the small flat-boats 
would be advisable, the original width being maintained. The 
great advantage of the machine is, that it covers a width of 100 
feet of river ; that the poles descend simultaneously and with a 
perpendicular motion (a thing never possible in hand-sound- 
ing), further ; that the depth of the water is measured from 
the surface of the water to the bottom of the river, and not as done 
in sounding by hand from the bottom of the river to the surface 
of the water. The feet of the poles on the machine are accu- 
rately adjusted to the surface of the water. The machine itself al- 
ways moves up stream very slowly and steadily, and thus sounds from 
an unchangeable plane to the bottom of the river. All incorrect 
readings in the system of sounding by hand occasioned by ripples or 
waves on the water are avoided and the automatic recording sets aside 
all errors so frequently observed when sounding and recording is 
done by men. The machine in throwing out the records of the 
sounding saves besides considerable labor in the office in compiling 
I figures and reducing them to low water from the sounding books. 

I The reduction for low water is effected mechanically by the ma- 

I chine, and human errors are thereby avoided. 

A sum of from $2,500 to $3,000 would construct a fine machine 
i sounding to 30 feet. 
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ACKNOWLEDGMENT. Ig9 

ACKNOWLEDOMBNT. 

I wish to specially acknowledge the courtesy extended 
to me by the American Society of Civil Engineers, and in 
order to show English Engineers how neatly and thoroughly 
such things are done in America, I give the letter which I 
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AMEEICAN SOCIETY OF CIVIL ENGINEERS, 

4, East Twbnty-thied Street, New York. 
Jwne2nd, 1876. 
In Philadelphu: 
West OaUeryj Main Exposition Building, 

And with American Institute of Mining Engineers, 

1123, Girard 8treet. 
Dear Sir, 

On behaJf of this Society, I am instructed to extend to yon its oonrtesies, 
daring yonr visit to the United States. 

Its rooms and Kbrary with means for writing, are placed at yonr disposal ; 
npon request, your correspondence will be received and forwarded as 
advised by you. 

The Centennial Commission of the Society, (Mr. John Bogart, Besident 
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phia, where similar facilities will be furnished, and information given, not 
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The American Institute of Mining Engineers kindly permits this associa- 
tion to join with it in welcoming you to its rooms 1100 Girard Street, 
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and are the resort of engineers, and those interested in engineering. 

You are also invited to attend the Eighth Annual Convention of the^ 
Society, to be held in Judge's Hall, Centennial Grounds, June 13th and 15th 
next, from 10^ a.m. to 1| p.m., and to take part in the proceedings. 

Permit me herewith to hand you a card of introduction to members of 
this association, with a list giving their names, location, and engagements, 
whereby in your travels about the United States you may at once refer to 
those who are in charge of principal engineering operations. 

Your obedient Servant, 

G. LEVEEICH, 

Secretary. 
To GEOEGE T. WALCH, Esq. 
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